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FOREWORD 



The aim of economic highway planning is to provide 
within the funds available roads and bridges that are 
adequate for existing traffic, and that with reasonable 
maintenance expenditures will remain adequate for 
probable traffic increases during their normal lives. 

The steady growth of motor vehicle travel 
during the past twenty years has created needs 
for highways that constantly exceed available 
revenue. It is logical, therefore, if construction 
funds are to be used to the best advantage, that 
they be spent successively on those sections of 
highway which at the present time show the 
greatest deficiencies, or which may be expected 
to become greatly deficient in the near future. 

A preliminary report of the Vermont State-wide 
Highway Planning Survey was published in 1938. In 
it were described the objectives and methods of the 
Survey, and certain of its findings were summarized. 
Since then the data have been analyzed further and all 
road information and some traffic data have been kept 
up-to-date. It is now possible to project a ten-year 
program of highway improvement that presumably will 
best meet our needs. 

This report analyzes the existing deficiencies 
on the public highway systems in Vermont, and 
taking into consideration probable future reve- 
nues as well as estimated traffic increases it 
proposes a ten-year construction program based 
upon the relative urgency with which these de- 
ficiencies should be remedied. 

The degree of improvement or the standards to which 
a road should be built are determined largely by the 



volume and type of traffic, whether the road be a State 
Highway, a State-aid Highway, a Town Highway or a 
city street. These standards have been established from 
the experience of the Vermont State Highway Depart- 
ment, together with the opinions and recommendations 
of nation-wide technical groups. 

While the proposed program is based upon 
our priority needs according to known facts and 
carefully studied probabilities, it has been kept 
flexible enough to permit revisions as they be- 
come necessary. The immense National De- 
fense program already has introduced certain 
requirements which may change somewhat the 
plans here presented. In this connection, con- 
sideration should be given to the development of 
alternate routes which will relieve traffic con- 
gestion on present main highways at a cost con- 
siderably less than to rebuild a single highway 
to take care of all the traffic. We must also 
recognize the growing need for by-passing large 
communities. Furthermore, although Vermont 
is a small State we should keep in mind the pos- 
sible future desirability of extending in a modi- 
fied form the National System of straight-line, 
limited-approach, major highways now being 
constructed as interstate connections by other 
States. 

The Vermont State-wide Highway Planning Survey 
is being conducted under the supervision of the State 
Highway Board and the Commissioner of Highways, in 
cooperation with the Public Roads Administration of the 
Federal Works Agency. 
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PART 1 



THE HIGHWAY SYSTEMS 



Legal highways were first recognized in Vermont in 
1779. According to old maps there were, in 1796, about 
1,100 miles of public highways. By 1825 a somewhat 
primitive highway transportation system had devel- 
oped, consisting mostly of turnpikes. In 18 32 the 
General Assembly authorized the laying out of county 
highways where they were needed. 

During the turnpike era (1796 to 18 50) over 5 00 
miles of toll roads were built, but with the coming of 
the railroads the building of highways lapsed and not 
until 1892 did the public show more than a local interest 
in roads. During that year the principle of State-aid 
was established and an advisory highway commission of 
three members was created. Six years later the unsatis- 
factory progress in road construction led to the estab- 
lishment of the office of Commissioner of Highways, 
but the lack of necessary authority hampered the Com- 
missioner in his duties and it was 1906 before the Ver- 
mont State Highway Department actually functioned 
as a Department. At that time the Commissioner's 
power was enlarged and he was authorized to supervise 
the expenditure of all State road funds besides issuing 
plans and specifications to the town road commissioners. 
Two other important laws authorized the appointment 
of county supervisors, and created the State-aid or 
Selected System of highways upon which all State funds 
were to be expended. 

In 1917 the State of Vermont approved the Federal- 
aid Road Act. In 1921 the provisions of Federal law 
required that road projects in any State, in order to be 
eligible for Federal-aid, had to be on a "system of high- 
ways not to exceed 7 percentum of the total mileage" 
for the State. Accordingly, there was designated in 
Vermont in 1922 a system of 1,043 miles of the most 
important State-aid Highways to be known as the Ver- 
mont Federal-aid System. This mileage continued to be 
administered by the towns, but the State participated in 
the cost of construction and maintenance and exercised 
general supervision where State funds were concerned 
as it did on the remaining non-Federal-aid mileage of the 
State-aid System. 

The provisions of the Hayden-Cartwright Act of 
1934 removed previous restrictions on the use of Federal 
funds in municipalities having a population of 2,500 
or more, and this Act increased the Federal-aid System 



by approximately 5 3 miles. There were 1,09 5.4 miles 
on this system on January 1, 1940. (See Table 1.) 
Since that time a new Federal-aid Route, known as the 
Jay Mountain Route, has been added to eliminate travel- 
ling in Canada when going across the northern part of 
the State on State Route 105 between Richford and 
Newport, thus avoiding the inconvenience of Customs 
inspection and regulations. This addition results in a 
net increase of 11.6 miles, so that the total Federal-aid 
mileage as of August 14, 1940, is 1,107.0. 

tabu: 1. 

mileage of hoabs and streets on teffi federal aid system 

AS or JANUARY 1, 1940 



Surface Type 


Federal-aia | 


Rural 


Urban 


Total 




Miles 


Miles 


Miles 


Block other tlmn brick 


_ 


1.4 


1.4 


Bituminous surface on 








concrete 


1.3 


4.0 


5.3 


Concrete 


281.6 


68.9 


350.5 


Blacadaia plant mlz 


- 


4.9 


4.9 


Macadam penetration 


81.0 


4.7 


85,7 


Macadam mlied-ln-place 


74.0 


5.7 


79.7 


Oravel mlxed-ln-placo 


270.7 


17.4 


288.1 


Surface treated gravel 


185.5 


12.6 


198,1 


Gra-rel 


78.7 


3.0 


81.7 


All types 


972.8 


122.6 


1095.4 



In 1931, 1,012.8 miles of State-aid Highways on the 
Federal-aid System were designated as the State High- 
way System, excluding that portion of the Federal-aid 
System in built-up areas. Later, about 750 miles of 
important State-aid Highways, not on the Federal-aid 
System, were added to the State System. 

The growth of the State System since its creation is 
summarized as follows: 



1931 1,012.8 



1932 
1933 
1934 
1935 
1937 
1939 



73 
U.2 
0.2 
723.9 
3.1 
3.3 



mi 
mi 
mi 
mi 
mi 
mi 
mi 



les 

les 
les 
les 
les 
les 
les 



Total 1,763.4 miles 
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Adjustments, abandonments and transfers, have modi- The toregoing classifications of Federal-aid, State, 

fied this total as of January 1, 1940, to 1,75 5-7 miles of State-aid and Town Highways are what may be termed 

State Highways. legal classifications. Their object is to indicate the ad- 

_ , J. ., J ministrative authority and the various appropriations 

The State Highway System may be subdivided ^^^^^ ^^_^^ ^^^ ^^^^^^^ ^j^^ ^^^^^^ 5^^^^_^.j ^„j 

mto two groups: (1) Federal-aid and (2) non- ^^^^ Highways comprise entirely separate systems de- 

Federal-aid. The Federal-aid routes are the r , u c. . j k„.».c rU^ v^A^r.\ v,A Sv<;rpm 

,,.,., , . ., • , fined by State Laws, whereas the rederal-aia System 

trunk line highways and primarily serve inter- , , ■ .u c, , a c^,,^. -,:a T-r;„K„,o„c .!«.«; amrpd 

, . ° rr- rr^i T^ J 1 -J includes both State and itate-aid Highways designated 

city and interstate traffic. The non-hederal-aid , u c j i i ^ .^ »i,„;ki» t^ r^r^ivp 

„■',,., , 1 T^ 1 1 -J m accordance with Federal laws as ehgible to receive 

State Highways supplement the J-iederal-aid t- i . . 

„ I . , II •^- Federal-aid appropriations. 

System by connecting the smaller communities '^'^ ^ 

and distribution centers and by serving inter- ?<"• purposes of traffic studies all public highways, 

county traffic which is important but not of major regardless of their State or Federal legal classification, 

significance. The State Highways are admin- have been further divided into Rural and Urban. Those 

istered entirely by the State. within the boundaries of cities and all incorporated vil- 
lages are called Urban, while those outside these limits 

The State-aid Highways which remained after ^^^ ^^„^j j^^^.^, ^ ^^^k showing how the legal high- 

the establishment of the State Highway System ^^^ systems are divided into Rural and Urban highways 

form the secondary or feeder system of roads. follows: 
These serve mainly the local traffic between 

communities and towns, but also carry some in- Summary of Mileage of Highways 

tercounty and interstate, travel. »s of January 1, 1940 

State Highways do not pass through municipalities or S>'s/f«; Miles Percent 

thickly settled areas, but are connected through these Rural State Highways 1,703.0 11.93 

areas by State-aid Highways. Those sections of State-aid Rural State-aid Connect- 

Highways which form the extension of State Highways ing Links 5.9 0.04 

through municipalities are termed State-aid Connecting Other Rural State-aid 

Links Highways 2,505.6 17.56 

Rural Town Highways 9,193.8 64.43 

Town Highways are primarily land service q^j^^^ Highways' 94.4 0.66 

roads and serve for the most part individual 

farms or small groups of people, besides acting Total Rural High- 

as feeders to the State-aid and State Highway ^ays (Table 2) 13,502.7 94.62 

Systems. They are_ administered exclusively by i National Forest roads. Federal Development roads, State Forest 

the tOW^ns and municipalities. roads, Private Toll roads, and Military Reservation roads. 

TABLE 2. 

MIIEAGE OF HtJRAL ROADS ON EACH OF THE SEVERAL HIGHWAY SYSTEMS CLASSIFIED BY SDKFACE TYIKS 

AS OF JANUARY 1, 1940 













Highiray 


Systems 




















National 


Nati onal 












State 


StQte-ald 


Other 




Forest 


Forest 




State 






Total 


Surface Typa 


Highways 


Connecting 


State-aid 


Town ^ 


Highways 


Development 


State 


Forest 


Private . 


Military 


All 




^ 


Links 


A 




^ 


Roads 


Forest 


Toll 


Toll 


Reservation 


Systems 




mTes 


Miles 


IfiTes 


lilies 


Miles 


tSiles 


Ulles 


Miles 


lilies 


Miles 


Miles 


Bituminous surface on 
























concrete 


1.3 


- 


- 


- 


- 


- 


- 


- 


_ 


_ 


1.3 


Concrete 


282.3 


2.8 


2.0 


0.1 


- 


- 


- 


_ 


0.2 


_ 


287.4 


Macadam plant mix 


- 


- 


- 


_ 


- 


_ 


- 


_ 


_ 


_ 


_ 


Macadam penetration 


83.4 


- 


7.0 


0.7 


- 


- 


- 


1.9 


. 


_ 


93.0 


UacQCiQin mlxed-ln-place 


109.6 


0.6 


19.7 


1.0 


- 


- 


- 


- 


- 


- 


130.9 


GraTel mlxed-ln-place 


382.9 


1.6 


41.4 


1.0 


_ 


_ 


_ 




0.9 




427.8 


Siirfsce treated gravel 


265.9 


0.8 


147.0 


36.0 


- 


- 


. 


4.0 


0.8 


1.9 


456.4 


GraTel 


S77.6 


0.1 


2156.5 


3085.4 


13.3 


0.8 


54.3 


7.3 


0.5 


1.7 


5Q97.5 


Graded and drained 


_ 


- 


124.5 


4022.5 


_ 


_ 


1.4 


. 


. 




4148.4 


Unimproved earth 


- 


- 


5.8 


1209.6 


- 


- 


0.8 


- 


- 


4.6 


1220.8 


Primitive 


- 


- 


1.7 


837.5 


- 


- 


- 


- 


- 


_ 


839.2 


All types 


1703.0 


5.9 


2505.6 


9193.8 


13.3 


0.8 


56.5 


13.2 


2.4 


8.2 


13,502.7 



1/ Includes 79.9 miles in National Forests, (0.4 miles concrete, 17.8 miles macadam penetration and 61.7 

miles gravel.) 
2/ Includes 17,5 miles of gravel roads in National Forests. 
3/ Includes 8.4 miles of gravel roads in National Forests, 
4/ Does not Include 79.9 miles of State Highways, 17,5 miles of State-aid roads or 8.4 miles of Town 

roads in National Forests, 
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Urban State Highways . J2.7 

Urban State-aid Connect- 
ing Links 95.2 

Other Urban State-aid 

Highways 123.9 

Urban Town Highways 

and Streets 495.2 

Total Urban High- 
ways and Streets 
(Table 3) 

Total All Highways 
and Streets 



0.37 
0.67 
0.87 

3.47 



767.0 



14,269.7 



5.38 



100.00 



The rural highways constitute 94.62 percent of all 
highways and streets in Vermont. A more detailed clas- 
sification of rural highways is shown in Tables 1 and 2. 

In addition to rural highways there are 767.0 miles of 
urban highways and streets, which is 5.4 percent of all 
highways and streets in Vermont. These are further 
classified according to surface type in Table 3. 

This represents the present extent of our highways. 
In ten years the initial construction will be largely com- 
pleted on the State System. This does not mean that 
Vermont's road problem is solved. If the public invest- 
ment is to be protected it is necessary to replace roads 
even as the cars that travel them are replaced. There 
is no such thing as a permanent road. 

If not replaced, many pavements now in use will re- 
quire increasing amounts for annual maintenance even 
with no increase in traffic. Increased volumes of traffic, 
higher speeds of passenger cars, and to a lesser extent 
increased weights and dimensions of trucks, have caused 



a large mileage of roads built in former years to become 
inadequate for present-day traffic. The most important 
highways in the State were the first to have a hard sur- 
face, and consequently were constructed to the earlier 
standards which were far below the standards of today. 
These are the roads which are now, or soon will be 
seriously inadequate for the traffic that is using them. 

The ability to foresee conditions and to plan properly 
for these conditions is becoming an increasingly impor- 
tant factor in the building of highways. An exami- 
nation of past records shows the wisdom of planning 
for the future, though it must be recognized that such 
plans should be modified if such a course is made neces- 
sary by unforeseen events, or if found to be desirable 
in the continuing analysis and study of highway use 
in subsequent years. 



miZAGE OF CITY AMD TILLAGE STREETS ON EACH OF THE SEVERAL HIGHWAY SYSTEMS 

CLASSIFIEI) BY SURFACE TYEES 

AS OF JAMUAHY 1, 1940 





Highway System 


Total 




State-aid 








State 


Connecting 


Other 




All 


Surface Type 


Highways 


Links 


State-aid 


Town 


Systems 




Uiles 


Miles 


Miles 


Miles 


Miles 


Brink 


_ 


_ 


0.1 


. 


0.1 


Block other ttian brick 


- 


1.4. 


0.5 


0.1 


2.0 


BltuinlnouB surface on 












concrete 


- 


3.9 


. 


7.6 


11.5 


Concrete 


le.i 


54.8 


17.2 


16.5 


104.6 


Uacadaja plant nlz 


- 


4.9 


4.6 


- 


9.7 


Macadam penetration 


3.4 


2.7 


2.7 


18.1 


26.9 


Uacadajn mlzed-in-plaoe 


1.6 


5.9 


7.3 


2.2 


17.0 


Rook asphalt 


. 


_ 


1.6 


0.3 


1.9 


Gravel mlied-in-place 


15.6 


12.1 


6.9 


14.7 


49.3 


Surface treated gravel 


9.7 


9.2 


47.2 


170.3 


236.4 


Gravel 


6.3 


0.3 


35.4 


216.8 


258.8 


Graded and drained 


. 


_ 


_ 


45.6 


46.6 


Dhlmprovad earth 


- 


_ 


0.2 


1.8 


2.0 


Prijiiitivo 


- 


- 


- 


1.2 


1.2 


All types 


52.7 


95.2 


123.9 


496.2 


767.0 



FUTURE TRAFFIC TRENDS 



The standards to which any section of road 
should be constructed are determined largely by 
the volume and type of traffic using the road at 
present, and by the changes which can reason- 
ably be expected in the future. 

It is estimated that in 1945 traffic on all high- 
ways in Vermont will be 31 percent greater than 
in 1937, and that in 1950 it will be 45 percent 
greater than in 1937. 

It is impossible to make a complete estimate of traffic 
trends from traffic counts alone, since complete and con- 
tinuous records over a long period of time do not exist. 
However, certain indicative trends are evident at certain 
points in Vermont and in other States. Other records 
relating to vehicle use, such as motor fuel consumption, 
motor vehicle registrations, and the number of licensed 
motor vehicle operators are on record and can be used as 



a basis for such estimates. To estimate the future traffic 
trends in Vermont these records were used in a method 
similar to that employed in the Public Roads Admin- 
istration's report submitted to Congress in 1939, enti- 
tled: "Toll Roads and Free Roads. "^ 

When the interrelationships between population, regis- 
tered motor vehicles, annual motor fuel consumption 
per vehicle, and rate of fuel consumption in miles per 
gallon are studied, it is possible to estimate the total 
travel in any year which is the mileage travelled by all 
vehicles. 

The data for population, motor vehicle registrations, 
licensed motor vehicle operators, motor fuel consump- 
tion, and their interrelationships are shown in Tables A, 
B, and C in the Appendix, historic to 1940 and forecast 
to 1950. 

' House Document No. 272, 76tli Congress, 1st Session. 
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FIGURE 1 

RELATION BETWEEN POPULATION, LICENSED MOTOR VEHICLE OPERATORS, 
MOTOR VEHICLE REGISTRATIONS, AND MOTOR FUEL CONSUMPTION IN VERMONT 
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There has been very httle change in population in 
Vermont in recent years. Although there was a slight 
increase in population in 1930 over 1920, the 1940 

census shows a decrease of 380 persons from the 1930 
figures. Very little change is anticipated during the 
next ten years. (See Figure 1.) 

Motor vehicle registrations increased steadily up to 
the year 1929. During the following four years they 
decreased below the level of 1926 but showed an increase 
in 1934 that continued to 1937. Registrations decreased 
slightly in 1938 but increased again in 1939. This trend 
is shown in Figure 1 together with the estimated regis- 
trations for the next ten years. When the number of 
registered vehicles is compared with the population for 
each year, a definite trend may be observed indicating 
that the number of persons per motor vehicle is reaching 
a saturation point, or will if present trends continue. 
(See Figure 2, page 15.) This is also true for passenger 
cars and trucks when considered separately, although 
it is apparent that the ratio for commercial vehicles is 
still decreasing faster than that for passenger cars. This 
means the use of commercial vehicles is increasing at a 
faster rate than the use of passenger cars. This trend is 



evidenced in the ratio of commercial vehicle registration 
to total vehicle registration euch year to 1937. (See 
Table C, page 71, in the Appendix.) 

In 1920 there were 11 persons per motor vehicle in 
Vermont. This decreased to 3.9 in 1929, the smallest 
in the history of the records of the Motor Vehicle De- 
partment. At no time since that year has this ratio been 
reached, although it was approached in 1939 and pre- 
liminary estimates indicate it will be reached in 1940. 
The increase in persons per motor vehicle from 1929 to 
193 3 can be explained by the decrease in registration 
during the depression period. The ratio, however, has 
decreased in recent years and it is reasonable to assume 
that it will continue to decrease from 4.0 in 1939 to 
about 3.6 persons per motor vehicle in 19 50. This 
means that motor vehicle registrations in 19 50 can be 
expected to exceed those of 1937 by about 14 percent, 
assuming, of course, that road user taxes will not be in- 
creased sufficiently to discourage increased use of motor 
vehicles. For the country as a whole the Public Roads 
Administration anticipates a slightly smaller number of 
persons per motor vehicle, which indicates that the Ver- 
mont estimate is conservative. 
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FIGURE 2 
INTERRELATIONSHIPS OF POPULATION IN VERMONT 
WITH MOTOR VEHICLE REGISTRATIONS AND MOTOR VEHICLE OPERATORS 
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With the exception of the years 1933 and 1938 there 
has been a steady increase per vehicle in the amount of 
fuel consumed annually. It is anticipated that this ratio 
will continue to increase, although at a reduced rate. 
(See Figure 3, page 16.) This may be offset somewhat 
by increased operating efficiency of motor vehicles. 
However, a slight increase in the ratio can be reasonably 
expected, based on an expected increase in per capita 
income caused by improved economic conditions, and 
also on the expectation of an increase in the percentage 



of commercial vehicles whose rate of fuel consumption 
is higher than that for passenger cars. 

A slight increase may be also expected in miles per 
gallon of fuel consumed due to improvement in the 
design of motors and in the fuels used for combustion in 
the motors. (See Figure 4, page 17). In "Toll Roads 
and Free Roads," the Public Roads Administration has 
estimated this increase on a percentage basis. 

In this same Figure 4, the percentage relation of each 
of these factors (vehicles per 100 persons is 100 times 
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the reciprocal of persons per vehicle) is shown with re- 
lation to 1937, the year in which the State-wide Traffic 
Survey was made. From the four different factors dis- 
cussed above, the estimate for travel is computed and 
shown for each year as a percentage-of 1937. 

It is estimated that traffic on all roads in 1950 will 
be 45 percent greater than in 1937, as is indicated in 
Figure 4. This represents an average annual increase 
of 3.5 percent. 

It is believed that travel on the trunk line roads will in- 
crease at a rate slightly greater than the average for all 
roads. Property adjacent to a trunk highway develops 
faster than that on local roads, and the traffic originating 
along the road, therefore, increases faster. The average 
length and number of long trips, which are made prin- 
cipally on the trunk highways, are expected to increase 
at a faster rate than the average length and number of 
shorter trips. This is because ownership of motor 
vehicles by urban residents is increasing faster than 
that by rural residents. The urban residents make longer 
rural trips, on the average, than the rural residents. The 
allowance to be made for these factors depends upon 



the location of specific sections of highways. An addi- 
tional factor to be considered is traffic which is created 
by new improvements. Many trips made on improved 
roads would not be made if the roads were unimproved. 

There are certain indications from traffic records at 
the present time that show the estimate given above and 
the assumptions which have been made are reasonable. 

Automatic traffic recorders have been operated for 
more than a year at 270 locations on State Highways in 
43 States. Although traffic decreased at a few of these 
locations, the average traffic at all of them increased 
each month in 1939 and 1940 over the corresponding 
month of 1938 and 1939. These increases averaged ) .9 
percent per year. On State Highways in Maine, this 
increase in traffic for each month over the corresponding 
month of the previous year has averaged 3.4 percent at 
seven locations. In New Hampshire, at three locations 
this increase over the corresponding month in the pre- 
vious year has averaged 5.7 percent. In Vermont at 
two locations this increase over the corresponding 
months in 1937 has averaged 4.5 and 5.5 percent. 
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At four other locations in Vermont where counts ai'e 
being taken this year, an average annual increase of 4.7 
percent is shown over the 1937 traffic count. On many 
road sections on the Vermont State Highway System, 



preliminary results from a series of traffic counts begun 
this year to bring the 1937 traffic data up to date, in- 
dicate increases in traffic volume in excess of the annual 
estimate for all roads. 



TREND IN VEHICLE -MILES 



FIGURE 4 

OF TRAVEL ON ALL ROADS IN VERMONT 
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DESIGNING FOR THE FUTURE 



In planning and designing highways, it must 
be recognized that the investment is made for 
a considerable period of time. Experience has 
proved that different road surfaces have service lives of 
different durations. If it is known that a given road 
surface can be expected to last for a certain period of 
time, such as, for example, twenty years, it is logical 
and economical to plan that road to standards which 
will be adequate for traffic needs throughout most of 
that time. We should not build highways for 
today's traffic only, but for the traffic which will 



use them next year and in the years to come. For 

the first few years it may sometimes appear that a 
highway has been overbuilt. However, increased traffic 
created by the improvement, and normal traffic growth 
thereafter, soon makes the facility fully utilized. 

This has been our experience in past years. It was 
impossible to anticipate the tremendous growth in traffic 
which has taken place in the past 15 years. It would 
be a poor investment, indeed, if plans were made for the 
replacement of existing roads or surfaces in kind or in 
the same location unless adequate not only for present 
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traffic but also for the anticipated traffic of the near 
future. 

Vermont does not have the population nor the in- 
dustry which create the large traffic volumes existing in 
some States. Moreover, the proportion of traffic con- 
sisting of large and heavy trucks and truck combinations 
is smaller here than in many other States. Vermont 
trends in these vehicle types seem to lag somewhat 
behind those of the more populous States. However, it 



may be • easonably expected that the trucks and com- 
binations now operating in considerable numbers in other 
States will eventually be found in increasing numbers 
on Vermont highways. Knowing the trends in 
Vermont traffic growth, and profiting by the ex- 
perience of other States, it should be possible to 
design our highways for the traffic volumes and 
type of vehicles which must be served in the 
relatively near future. 



HIGHWAY STANDARDS 



In order that motor vehicle operators on Ver- 
mont roads may be adequately served with 
highways as durable and safe as it is possible to 
construct with the funds available, certain ele- 
ments in design of roads must be considered. 

These elements are: 

Sight Distance 

Curves 

Grades 

Surface Width — Two Lanes 

Multiple Lanes — more than Two Lanes 

Type of Surface 

Congestion in Urban Areas 

Highway Structures 

Grade Crossings 

When these elements involve certain materials, dimen- 
sions, or conditions, the highways are considered to be as 
safe and convenient for travel as they can be expected 
to be built. When they fail to equal these dimensions, 
materials, or conditions in whole or in part, the highway 
is deficient in one or more respects for safe and adequate 
service to the motoring public. 

The speed at which people want to travel is an impor- 
tant factor in determining the adequacy of roads. Roads 
which are entirely safe for 30-mile-per-hour traffic may 
be distinctly inadequate for high-speed trunk line high- 
ways. While the elements mentioned above should be 
studied for all roads, the standards which should be 
applied will necessarily be much higher on State High- 
ways than on State-aid Highways where traffic is satis- 
fied and adequately served with roads of lower standards. 
On Town Highways the service demanded is even less, 
and standards can be correspondingly lower. These 
three types of highways may be classed roughly as high 
speed, moderate speed, and low speed highways, re- 
spectively. 

Sight Distance 

Restricted sight distance impedes the free 
movement of vehicles and is inadequate when the 
passing of vehicles is obstructed to such a degree 
as to seriously delay or irritate the average 



driver. Such restricted sight distances are caused by 
both horizontal and vertical curves, and by obstructions 
along the highway right-of-way such as embankments, 
buildings, and trees. 

The design committee of the American Association of 
State Highway Officials has determined that a vehicle 
traveling 5 miles per hour can safely pass a vehicle 
traveling 2 5 miles per hour in the same direction, if 
there is a 1,000-foot sight distance ahead. "^ It is neces- 
sary to have a clear sight distance of 3 50 feet to stop 
safely a vehicle traveling 5 miles per hour. There- 
fore, it is highly desirable to have 1,000-foot minimum 
sight distance in non-mountainous areas and 6 50-foot 
minimum sight distance in mountainous areas where 
it is not possible to travel at high sustained speeds. In 
Vermont where much of the State is hilly and 
grading is correspondingly costly, present con- 
struction on State Highways is based on 500-foot 
minimum sight distance, although 1,000-foot sight 
distances are obtained where practicable. 

Restricted sight distances can sometimes be improved, 
if not entirely eliminated, by such action as clearing the 
right-of-way and cutting the brush on adjacent prop- 
erty. Frequently, however, they can be remedied only 
by costly relocation. 

At present, on our rural State Highway Sys- 
tem there are 5,277 places where the sight dis- 
ance is less than 500 feet. This is equivalent to 3.1 
places of restricted sight on every mile of State High- 
way in the State. (See Table 4, page 20.) 

There are: on 476.6 miles of High Type Surface, 930 
sight restrictions, or 2.0 per mile; on 648.8 miles of 
Intermediate Type Surface, 1,598 sight restrictions, or 
2.5 per mile; and, on 5 77.6 miles of Low Type Surface, 
2,749 sight restrictions, or 4.8 per mile. 

Restricted sights on highways surfaced with high and 
intermediate type surfaces are considered more danger- 
ous because these two types of road carry the largest 
volumes of traffic at the highest speeds. 

Even on the most heavily travelled roads of the State 
there are many places where sight distance is too short. 

A policy on sight dist,incc for highways. American Association 
of State Highway Officials, 1940.. 
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On the 68 miles of high type surface carrying from 
2,000 to 3,000 vehicles per day, for example, there are 
110 places or 1.6 per mile, where the sight distance is 
less than 500 feet. 

Curves 

In addition to causing restricted sights at some 
locations, curves cause traffic to slow down in 
order to travel safely. An object travelling a cir- 
cular path tends to leave the path because of centrifugal 
force. On highways this can be partially overcome by 
banking and widening the curves, but the amount to 
which the outside of a curve can be elevated is limited 
because of the tendency of slow-moving vehicles to 
side-slip into the opposing lane of traffic, particularly 
on ice-coated pavements. The maximum practical 
superelevation is about 1 '/4 inches per foot of pavement 
width. Limited technical investigations indicate that 
the average automobile driver feels a lurching sensation 
when travelling at a speed of 60 miles per hour on 
curves sharper than 6 degrees suf>erelevated in the 
amount of 1 '/4 inches per foot of width. For this 
reason a 6-degree curve is considered the sharpest at 
which it is safe to drive at 60 miles per hour. At 5 and 
40 miles per hour the sharpest curves which can be 
safely travelled are, respectively, 9 degrees and 14 degrees. 

Recognizing the impracticability of providing 
for extremely high speeds in Vermont, present 
State Highway construction standards are based 
on a maximum curvature of 7 degrees. 

On all rural State Highways, 1,703.0 miles, 
there now are 4,410 curves in excess of 7 degrees. 

This is equivalent to 2.6 on every mile of State High- 
way. (Sec Table 5, page 20.) A large percentage of 



these curves are over 14 degrees and many are as high as 
30 and 40 degrees. 

There are: on 476.6 miles of High Type Surface, 811 
curves in excess of 7 degrees, or 1.7 per mile; on 648.8 
miles of Intermediate Type Surface, 1,3 34 excessive 
curves, or 2.1 per mile; and, on 577.6 miles of Low 
Type Surface, 2,26 5 excessive curves, or 3.9 per mile. 
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Excessive curves on highways surfaced with high and 
intermediate type surfaces are considered more dangerous 
because of the greater traffic volumes and higher speeds 
prevalent on these highways. Table 5 shows that curves 
in excess of 7 degrees occur quite frequently, even on 
heavily-travelled roads. On the 68 miles of high type 
surface carrying from 2,000 to 3,000 vehicles per day, 
for example, there are 97 such curves, or an average of 
1.4 per mile. 

Grades 

The decreased speed of heavily loaded trucks 
on steep grades causes exasperating delays to 
the free movement of faster traffic because the 
road is frequently visible for only a short dis- 
tance ahead, and it is not safe to pass such slow 
moving vehicles. Even with improved sight dis- 
tance the situation will not be entirely remedied 
since opposing traffic will frequently prevent 
passing. 

Studies recently made by the Pubhc Roads Admin- 
istration mdicate that, on a 7 percent grade, a new heavy 
truck with a load of 20,000 pounds cannot travel faster 
than about 20 miles per hour, even though expertly 
handled. 
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SHARP CURVES 
Curves cause traffic to slow down in order to travel safely. 



21 



NEEDED HIGHWAY IMPROVEMENTS IN VERMONT— 1941-1950 



A grade of 7 percent is considered the maxi- 
mum allowable on new State Highway construc- 
tion in Vermont, except that 8 percent is per- 
mitted if a minimum of 1,000 feet of sight 
distance is available. 

On our rural State Highway System there are 
551 places where the grade is steeper than 7 per- 
cent, 157 of which are situated on high type sur- 
faces. Of this latter group 81 have traffic volumes of 
1,000 or more vehicles per day and 17 of these occur 
on 6 8 m.iles of highway which is carrying a traffic 
volume of 2,000 or more vehicles per day. On 119.4 
miles of intermediate type surfaces there are 30 grades in 
excess of 7 percent carrying 1,000 vehicles per day or 
more. (See Table 6, page 22.) 

As it is impossible to eliminate all of the grades over 
7 percent in Vermont another solution to the problem 
must be found. The construction of a third lane for 
the slow moving vehicles would alleviate the situation 
somewhat. Under such conditions traffic is permitted 
freer movem.ent. 

Surface Width — Two Lanes 

The adequacy of the width of a road surface 
is dependent almost entirely on the volume and 
character of traffic, or on the number of pass- 
ings to be expected and whether these passings 
are predominantly those of passenger cars or 
whether a relatively large number of commer- 
cial vehicles are included. 

Studies by the Public Roads Administration indicate 
that 18 -foot surfaces are too narrow for the present day 
traffic. For example, it was noted in experiments that 
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a number of vehicles passing each other in the same 
direction on 18 -foot surfaces ran with the left wheels 
on the dirt shoulders. When meeting a large truck on 
an 18 -foot surface, there is a definite sense of restric- 
tion. On new construction on the Federal-aid System 
throughout the country a minimum surface width of 
20 feet is now the general rule, and in inany States where 
traffic volumes are large, 22 feet is the minimum. 




A NARROW SURFACE WIDENED TO 22 FEET 
On main highways 18-foot surfaces are no longer adequate. 
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No State Highway should be provided with less than 
two traffic lanes of 10 feet each to accommodate normal 
travel. For roads with very light traffic volumes, such 
as those of the town system, narrower surfaces are 
generally satisfactory. 

Recent technical analyses of this element of highway 
design by the Design Committee of the American Asso- 
ciation of State Highway Officials indicate that surfaces 
should be at least 20 feet wide in order to accommodate 
normal peak traffic volumes of 100 vehicles per hour. 

To widen all two-lane pavements of less than 20 feet 
with permanent construction at the present time would 
not be economical. On the lower traffic volume roads 
18-foot pavements will continue to serve fairly satis- 
factorily. On high volume highways narrow pavement 
lanes are hazardous and should be widened under main- 
tenance programs with bituminuous shoulder treatment 
unless the entire surface is to be reconstructed in the 
near future. 

Vermont has recognized the fact that 18-foot 
surfaces are too narrow for the heavily travelled 
roads of the State and has specified a standard 
width of 20 feet for surfaces and 6 feet for each 
shoulder on all highways carrying 1,000 vehicles 
or more per day. In some cases where the traffic 
warrants, the shoulders are bituminous treated. 
This gives a hard surface width of 32 feet which 
should adequately serve traffic for the next ten 
years. (Figure 5 shows the increases of surface ind 
roadway design widths from 1892 to 1940, and the fore- 
casted design widths of 19 50.) 

On the rural State System in Vermont there 
are 1,210.2 miles of highways having a surface 
width or pavement width of less than 20 feet. Of 

this, 5 5.0 miles have a surface width of 16 feet or less 
and carry less than 3 00 vehicles per day. All but 0.7 
miles of this mileage is on gravel roads. Of the mileage 
having a surface width of less than 20 feet, 333.0 miles 
are carrying 1,000 vehicles per day or more and this 
mileage is scheduled for widening in the near future. 
(See Table 7, page 23.) Approximately 90 miles of 
this has been widened temporarily by the construction 
of bituminous-mix shoulders. This does not, however, 
completely solve the problem as in many places the 
guard rail is only from 2 to 3 feet from the edge of the 
pavement and this condition does not permit a vehicle 
to utilize the widening with safety. In order to take 
care of the situation with complete satisfaction it will 
be necessary to widen the entire road bed. However, 
the temporary widening does increase the efficiency of 
the highway and reduces maintenance cost on shoulders. 
There is also a considerable mileage of surface treatment 
on shoulders which is not classed as widening because it 
is placed there primarily for the purpose of preserving 
the shoulders. 

On high volume roads it is necessary to provide shoul- 
der widths sufficiently wide and stable to encourage 
vehicle operators to leave the travelled way when slop- 
ing because of trouble or making emergency turnouts. 
Such provision will eliminate potential menaces to other 
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traffic and will provide safety to the operators them- 
selves. 

Multiple Lane Highways 

When traffic volumes increase to a point where 
the passing of vehicles moving in the same direc- 
tion is seriously hindered, if not almost pro- 
hibited by approaching traffic, the capacity of a 
given road has been reached and the situation 
becomes intolerable. Sometime before this situa- 
tion appears, provision must be made to provide an 
additional traffic lane or lanes. 

At the present time all Vermont's rural highways 
consist of two-lane highways. A small mileage of three- 
lane highway has been constructed in the urban dis- 
tricts. In estimating the volume of traffic at which it 
is desirable to consider multiple lane highways, several 
factors must be taken into consideration. The major 
factor governing the number of lanes necessary is the 
congestion factor, or the number of vehicles travelling 
during certain peak hours, rather than average daily 
traffic. 

Preliminary results of the highway capacity studies 
conducted by the Public Roads Administration in several 
States reveal that as the density of traffic on a high- 
way increases, the freedom of movement decreases at 
nearly a constant rate. These studies indicate that on 
roads of good alignment with 200 vehicles per hour 
travelling in each direction, 5 2 percent will feel some 
effects of congestion; with 300 vehicles per hour the 
figure becomes 62 percent; with 400 it becomes 70 
percent, and so on until 90 percent of the vehicles are 
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affected when the volume becomes 1,000 vehicles per 
hour in each direction. 

The extent to which a road may be allowed to become 
congested before steps are taken to widen or otherwise 
increase its capacity will naturally depend on the avail- 
ability of funds for such work. A State with adequate 
funds might decide that when half of the drivers feel 
the effect of congestion the time has arrived for widen- 
ing. A State with less adequate funds might set the 
figure higher. But it is considered that a figure of 70 
percent is an absolute limit, which results in a figure of 
800 vehicles per hour, in both directions, as the maxi- 
mum traffic volume of a two-lane road of the best 
alignment may be expected to carry without intolerable 
congestion. 

Few of the roads in Vermont meet these alignment 
conditions. In most instances curves or restricted sights 
or both tend to produce intolerable congestion at an 



hourly lume somewhat under the figure of 800 vehi- 
cles, r reliminary studies here in Vermont of 
existing two-lane roads indicate that State High- 
ways carrying 4,000 or more vehicles per day 
with normal hourly distributions should be con- 
sidered for widening to multiple lane pavements. 
There now exist about 9 miles of State High- 
ways in Vermont upon which traffic volumes are 
expected to nearly reach or to exceed 4,000 vehi- 
cles per day by 1950. In any improvement of these 
sections, it would be wise to provide for the construc- 
tion of multiple lane pavements at some future date, 
even though the initial construction is only two lanes. 
In other words, the right-of-way, bridges, and possibly 
the road bed should be sufficiently wide for a multiple 
lane road, since it is anticipated that the surface must 
be widened to more than two-lanes in the not very 
distant future. (See Table 8, page 2 5.) 




FIGURE 5 
CROSS-SECTIONS SHOWING EVOLUTION OF DESIGN 
OF SURFACE AND SHOULDER WIDTH 
ON THE STATE HIGHWAYS 

1892-1940 HISTORIC 

1950 FORECAST 
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TABLB e. 
SKTIONS or THE RURAL STATE SYSTEM HHIOH ^OUID HATE MDIIIPII UIMES BY 1950 



Route 



LooBtlon 

Burlington City line east to Intersection Vt. 116 (to Hlneaburg) 

From Intersection Vt, 116 {to Hlneabur^:) east to the South Burlin^on-Wllliston town line. 
From the South Burlinston-Wlllieton tonn line east to intersection Tt, 116 {to Essei Jet.) 

Rutland City line weat to intersection of Vermont 3 {to Proctor) 

From Intersection Tt. 3 (to Proctor) west to West Rutland village 

Bennington Tillege line north to intersection Vt, 67-A (to North Bennington) 

Rutland City line south to North Clarendon village 

Totel Uiles 



Miles 



Traffic 



Estimated Traffic 



"1545- 



1950 



n. s. 2 

D. S, E 
D, S. 2 
D. S, 4 
U, S. 4 
D, 3, 7 
n, S. 7 



0,876 
2,034 
1.416 
0,227 
1.661 
0,756 
1.675 
8.645 



3,100 
2,600 
2,500 
4,000 
3,100 
3,700 
3,200 



4,050 
3,400 
3,280 
5,250 
4,050 
4,850 
4,180 



4,500 
3,770 
3,620 
5,800 
4,500 
5,360 
4,650 



SURFACE TYPES 



The adequacy of surface types is also largely 
dependent upon the type and volume of traffic. 
The experience in this State indicates that high- 
way construction of a type capable of satisfac- 
torily withstanding the winter weather and frost 
action is also adequate for the loads and the 
traffic volumes found on Vermont's heavier 
travelled highways at the present time, or which 
may be reasonably expected in the near future. 

The development of surface on roads in Vermont was 
initiated with the plank roads of the turnpike companies, 
but most of the mileages at that time was composed of 
natural earth. Subsequently, most of the surfacing was 
done with gravel which is abundant locally in most all 
parts of the State. When traffic became heavier, faster 
and more frequent, this type of surface became obsolete 
for main highways and expensive to maintain. On the 
State System, and particularly on the higher traffic 
volume roads, it has been replaced largely with higher 
types of surface. 

The type of surface economically justified for 
a particular highway depends upon a number of 
factors, including traffic volume, frequency of 
heavy wheel loads, nature of sub-grade, avail- 
ability of local materials, maintenance cost per 
mile per year, and comparative cost to vehicle 
operator of driving on each type. The question has 
been studied by the Design Committee of the American 
Association of State Highway Officials and others, and 
it has been found impractical to recommend surface 
type standards for nation-wide adoption because of dif- 
ferences in climatic conditions, nature of the soil, cost 
and availabihty of construction materials, and for other 
reasons. 

In Missouri, an analysis was made in an effort to de- 
termine the type of surface which would result in the 
lowest total cost, including both road cost and vehicle 



cost, for roads in different traffic volume groups. As 
a result of this analysis, the following traffic volume 
limits were recommended for each type: 

Average Daily Traffic 
Surface Type During Life of Surface 

Granular Up to 150 

Intermediate 150-599 

High-intermediate 600-900 

High Type Over 900 

The California Division of Highways, on the other 
hand, recommends low type surface for traffic up to 
2 50 vehicles per day; intermediate tyj>e for traffic from 
250 to 1,000 vehicles per day; either high or intermediate 
type, depending on conditions, for traffic from 1,000 
to 2,500 vehicles per day; and high type for traffic over 
2,5 00 vehicles per day." 

The fact that higher traffic volume limits are recom- 
mended for each type in California than in Missouri is 
probably due largely to differences in climate and soils. 
The arid chmate and sandy soils in large portions of 
California undoubtedly permit higher traffic volumes 
to be carried on the lower types of surface than is possi- 
ble in Missouri. 

In Vermont, the small mileage of some surface 
types and limited records of maintenance costs 
for each type in relation to traffic volume pre- 
clude the possibility of drawing any definite 
conclusions concerning traffic volume limits for 
each type. But the severe winters in this State 
require the construction of relatively thick base 
courses, regardless of traffic. Both traffic volume 
and the frequency of heavy axle loads are low in Ver- 

' Special report on Missouri State Highway Needs, 1939. Pre- 
pared by Missouri Highway Planning Survey (p. 24). 

- Highway Facts developed from the California State-Wide Plan- 
ning Survey, 1939 (p. 52-54). 
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MILEAGES AND SURFACE TYPES 
ARE SHOWN AS OF JAN. I. 1940, 

THE LEGEND SHOWS THE TOTAL 
MILEAGE OF EACH SURFACE TYPE 
ON THE STATE SYSTEM. 
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mont in comparison with other States and serious damage 
to roads is caused more frequently by frost than by 
trafhc. It is true, however, that traffic volume does 
have a definite bearing on maintenance costs. 

From an analysis of maintenance costs on a selected 
mileage of roads over the last five years, it is apparent 
that for roads carrying 300 vehicles per day or more, 
superior to gravel surface types have considerably cheaper 
maintenance costs. Therefore, it appears reason- 
able to consider 300 vehicles per day as the upper 
limit for gravel roads in Vermont. Those carrying 
higher traffic volumes should be converted to a higher 
type as rapidly as funds are available. 

In Vermont, surface-treated gravel roads are carry- 
ing traffic volumes as high as 1,800 vehicles per day, 
although the mileage of the highest traffic volume roads 
is not large. At present, surface-treated gravel roads 
are used extensively up to 1,400 vehicles per day. (See 
Figure 6, page 26.) Maintenance costs on these roads 
are relatively high, being almost as high as those for 



plain gravel for the same amount of traffic. Gravel 
mixed-in-place roads are shown in this same figure to 
cover practically the same range of traffic volumes as 
do the surface-treated roads, and have about two-thirds 
of the maintenance costs of gravel roads. (See Figure 
11, page 52.) This overlappmg in service is caused by 
the expediency of the construction program prior to 
1931 when it was necessary to surface many miles of 
roads without proper base construction. This surface- 
treated gravel is largely being replaced with gravel 
mixed-in-place or higher types. But owing to its low 
construction costs it might serve as an economical sur- 
face for traffic volumes from 300 to 1,000 vehicles per 
day until such time as more funds are made available 
for surfacing low volume roads with higher types of 
surface. It would appear that the gravel mixed- 
in-place surface is a good type for traffic volumes 
from 500 to 1,600 vehicles per day. Beyond this 
voluine the higher types of pavements, such as 
concrete and macadam penetration, appear to 
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give more satisfactory and economical service. 

(Figure 7 shows the cumulative miles of various surface 
types classified according to traffic volumes.) 

According to the traffic forecasts, an increase 
of 45 percent can be reasonably expected by 
1950. This means that a gravel road now carry- 
ing over 200 vehicles per day should be consid- 
ered for surfacing to a higher type within the 
next ten-year period. There now are 371.5 miles 
of gravel road carrying over 200 vehicles per day 
and 182.0 miles of this are carrying over 300 vehi- 
cles per day. (See Table 9.) (Approximately 42 miles 
of the 371.5 miles have already been programmed.) A 
gravel surface should adequately serve the remaining 
212.4 miles which now carry less than 200 vehicles per 
day. 



Of i 275.6 miles of surface-treated gravel, 
137.1 miles were constructed without adequate 
base and drainage due to lack of funds and the 
urgent need of providing a better than gravel 
surface. Much of this mileage has poor align- 
iTient and many excessive curves and grades. 
These road sections are for the most part in the 
high traffic volume groups and should be re- 
placed within the next ten years. There are also 
43.6 miles of surface-treated gravel which has 
been constructed on a good base with improved 
alignment and grade, but which at the present 
time is inadequate for the volume of traffic car- 
ried and needs to be replaced with a higher type 
of surface. 



CONGESTION IN URBAN AREAS 



Since the early twentieth century and the advent of the 
automobile, the character of highway travel has changed 
tremendously. It has changed from a purely local move- 
ment to an intertown and State-wide movement, and at 
the same time increasing amounts of interstate and 
cross-state travel have developed. 

The free movement of traffic is hampered con- 
siderably in many built-up areas. While rural 
roads have been relocated to meet the needs of 
modern traffic, city streets, carrying much 
through traffic, largely remain as they were be- 
fore the advent of the automobile. 

The automobile has proved itself capable of safe 
operation up to speeds exceeding 60 miles per hour where 
roads are well designed. Yet, in our cities throughout 
the country the average speed that motorists can main- 
tain on streets is less than 17 miles per hour. This is 
not primarily because of legal restrictions, but because 
of the congestion found on these streets. Streets con- 
gested with motor vehicle traffic are poor business loca- 
tions. Narrow streets in business areas prevent free 
movement of traffic even more than do narrow roads 
and bridges in rural areas. 

To relieve congestion, provision should be made for 
off-street parking facilities so as to permit more space 



for travel in the street. Belt-line or alternate routes 
may also be constructed to remove through traffic from 
the congested areas. Such programs should necessarily 
include the development of access streets to the shopping 
or business areas from and to any alternate routes. 

In many actual instances, business has prospered by 
adopting such a program for traffic. A motorist forced 
to travel through congested city streets is thinking 
mainly of getting through with the least inconvenience 
possible and is no mood to stop for buying, especially 
if parking space is difficult to find. The time and motor 
vehicle operating cost saved by avoiding stop-and-go- 
city driving are important factors and leave more time 
and funds for making purchases not related to driving 
necessities. Municipalities should give some considera- 
tion to this problem of parking and selection of alternate 
routes in order that better service may be accorded not 
only to traffic which stops, but also to through traffic. 

Although Vermont is not a populous State with 
large urban developments, there are several 
areas where congestion on city streets should be 
relieved within the next ten years to permit free 
movement of motor vehicles through them or 
around them. Such conditions exist in and near 
Barre and Burlington. 



CENTRAL ROUTE 



The General Assembly of 1937 passed an Act 
authorizing the construction of a central State 
route which would extend through the central 
portion of the State from Massachusetts to the 
Canadian border. 



This proposed route would utilize State High- 
ways, State-aid Highways and Town Highways 
forming connecting links in such a route. The 
funds for this work are to be taken from the 
amounts that are allotable to the district through 
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which the route passes. Such a route would afford 
better access to the central portion of the State, relieve 
congestion on routes U. S. 5 and U. S. 7 and provide a 
scenic route where camping and picnic grounds would 
be established. It is proposed to include the construc- 
tion of this route in the present ten-year program, if 
funds are available. 

The main portion of the law regarding this central 
route is as follows: 

Central Route: Massachusetts to Canada. 
(1937 No. 108.) 

Section 1. Additions to State Highways. "The 
state highway board with the approval of the gov- 
ernor is hereby authorized to make plans for, lay out, 
locate, construct, maintain, repair, widen, grade and 
improve as part of the state highway system a cen- 
tral route extending through the central por- 
tion of the state from Massachusetts to the 
Canadian border. Such route shall utilize high- 
ways belonging to the state highway system, or eligi- 
ble to be taken over under the provisions of section 
4694 of the Public Laws, but the board with the 
approval of the governor and of the selectmen of the 
town in which such highway is located may take over 
as part of the state highway system an unimproved 
highway forming a connecting link in such route, and 



such highway when so taken over shall be subject to 
all the provisions of chapter 200 of the Public Laws. 
The highway board shall use for such purpose such 
funds as are fairly allotable to the District through 
which such Route shall pass on the equitable distribu- 
tion of the funds available for the State Highway 
System." 

Such a route would be approximately 197 miles in 
length and would utilize 12 5.6 miles of State High- 
way, 59.3 miles of State-aid Highway and 11.9 miles 
of Town Highway. (See Map 2 in the Appendix.) 
Of the 125.6 miles on the State System 58.8 miles would 
be included in any future construction program, regard- 
less of the central route, because of high alignment 
indices or deficient surface types; 59.3 miles are ade- 
quate for the present and 7.5 miles, although below the 
present State standards, would not be improved for 
some time to come because of the low traffic volume. 
On the basis of constructing a central route, however, 
the 7.5 miles of State Highway mentioned above, 5 6.6 
miles of State-aid Highway and 11.9 miles of Town 
Highway making a total of 76 miles, would be included 
in any future construction program if funds were avail- 
able. This 76 miles is in addition to the 5 8.8 miles of 
State Highway requiring reconstruction in any event. 



STATE HIGHWAY DEFICIENCIES 



The preceding discussion of the elements in highway 
design and the comparison of the present status of Ver- 
mont State Highways with standard elements illustrates 
several reasons why it is necessary to reconstruct, widen, 
and modernize many of our present highways. A ro^d 
is inadequate when conditions in alignment, curvature, 
grades, surface widths, and surface types impede the free 
and safe movement of traffic. And in any construction 
program, it is logical first, to improve road sections hav- 
ing elements which vary most from standards permitting 
free traffic movement. 

In order to determine those sections of high- 
ways which are inadequate, an analysis was 
made of the physical characteristics of each sec- 
tion in relation to traffic. By comparing re- 
stricted sights, excessive curves, excessive 
grades, surface widths, surface types, and traffic 
volumes, it has been possible to assign indices, 
or ratings, to each section of the State Highway 
System, which express the relative inadequacy 
of the section in each of the several particulars. 
There are many sections of highway which have poor 
alignment and grade, but which because of the low 
traffic volume at the present time, will not show any 
immediate need for improvement. A listing of road 



projects in the order of one index, from high to low, 
results in a schedule of projects rated according to rela- 
tive deficiency in the particular represented by the index. 
Such listings do not, in themselves, constitute con- 
struction programs. While relationships between the 
factors used have been tested and are believed to be 
reasonably correct, a mathematical analysis cannot be 
expected to be satisfactory as a substitute for engineer- 
ing judgment, but can only be regarded as an effective 
aid thereto. The most that can be accomplished in 
such an analysis is to present the facts and their inter- 
relationships in such a way as to narrow the field in 
which judgment need be exercised, and to permit the 
making of decisions in a consistent manner. 

Alignment Index (Sight Distance, Curves, Grades) 

The ratings of the various sections of State Highway 
with respect to their comparative deficiencies were de- 
termined by finding out how each varied from the 
average condition. 

The average condition of the State System as regards 
sight distance, curvature, and grade in relation to 
traffic volume is represented by an index of 1.0. This 
is called an alignment index, because the deficiencies 
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accrue from faults of alignment, either liorizontal 
or vertical. A road section with an index below 1.0 
is better than the average State Highway' section with 
respect to sight distance, curvature, and grade; and one 
with an index above 1.0 is worse than the average in 
these particulars. There arc 2 83 miles with no objection- 
able grades, curves, or restricted sight distances and the 
index for this mileage is 0.0. The total mileage with 
an index smaller than 1.0 is 1,265 miles. On the other 
hand, the index is greater than 1.0 for 43 8 miles and 
greater than 1.7 for 202.8 miles. The mileage with an 
mdex greater than 1.7 is that considered for inclusion in 
a ten-year construction program. With but a few 
exceptions it was not considered practical at this time 
to include those sections of highway having an align- 
ment index of less than 1.7, for two reasons: (1) the 
mileage with indices of 1.7 and over is estimated to be 
a sufficient program for the funds available during the 
next ten years; (2) those sections with indices below 
1.7 will serve without serious inconvenience for the 
time being or until such time as funds are available for 
their improvement. 

The following summary shows the mileage of road 
with different degrees of alignment deficiency of 1.7 
or more: 



Aliginiieiit Deficiency Judex 

8.0 and over 

7.0-7.9 

6.0-6.9 

5.0-5.9 

4.0-4.9 

3.0-3.9 

2.0-2.9 

1.7-1.9 



Tot a 



Miles 


1.7 


3.7 


6.8 


9.5 


19.2 


42.3 


82.8 


36.8 



202.8 



There are 52.8 miles of this total which are also in- 
cluded in the mileage listed below as inadequate as 
regards surface type. 

Surface Type Index 

In analyzing the status of the State System in regard 
to the adequacy of the existing surface types, it was 
assumed that a gravel road should be changed to a higher 
type when the traffic exceeds 300 vehicles per day. Such 
a road was assumed to have an index of 1.0. The sur- 
face type index for each gravel road section was com- 
puted by dividing the 1937 average daily traffic by 300. 
A gravel road carrying 450 vehicles per day -in 1937 
would, therefore, have an index of 1.5, and one carrying 
210 vehicles per day would have an index of 0.7. Since 
the traffic by 1950 is expected to exceed the 1937 traffic 
by about 4 5 percent, a gravel road with a 1937 average 
daily traffic volume of about 200 vehicles per day 



should , bably be changed to a higher type of surface 
by 1'';'. Such a road would have an index of 0.66. 
The following summary shows the mileage of existing 
gravel roads with a deficiency of 0.66 or more. 

Sinfiice Type Deficiency Avercv^e 24-/-'0!ir 

Index Miles Traffic (I'^i?) 

\.66 and over 4.6 600 and over 

1.00-1.65 55.7 400-599 

0.66-0.99 311.2 200-399 



Tota 



371.5' 



^ Approxim.itcly 42 miles alrcijy prui^r.imined. 

It IS difficult to fix a maximum traffic volume limit 
for surface-treated gravel roads since inadequate base 
IS a more important factor than traffic volume in con- 
sidering the need for surface type improvement. There 
are 137.1 miles of surface-treated gravel road with high 
maintenance costs due mainly to an inadequate base, all 
of which carries in excess of 5 00 vehicles per day. Of 
this, 74 miles are also obsolete because of alignment con- 
ditions. There are also 43.6 miles of this type that 
should be replaced by a higher type of surface because of 
the volume of traffic carried. This mileage should be 
improved at the earliest opportunity. 

Surface Width Index 

In analyzing width deficiencies, it was assumed that 
an 18-foot surface which carried 1,000 vehicles or more 
per day in 1937 is too narrow and should be widened. 
The width index for 18-foot roads was, therefore, deter- 
mined by dividing the 1937 average daily traffic by 
1,000. On this basis there are 333 miles with a width 
index of 1.0 or more. However, 102 miles of this have 
an alignment deficiency factor of 1.7 or more and would 
be included in the program for that reason. The re- 
maining 231 miles should be scheduled for widening. 

The locations of the road sections on which 
these deficiencies are found are plotted on Map 
No. 1 in the Appendix. Different types of shad- 
ing indicate different deficiencies. The amount 
of the deficiency in relation to traffic for any road 
section is indicated by the distance the shading 
extends from the road band. Deficiencies in 
curvature, sight distance, and grade are shown 
in red. Surface type deficiencies are shown in 
yellow. Blue indicates a deficiency in width. 
The wider the bands of these various colors, the 
greater is the deficiency or inadequacy. The 
various sections of highway have been combined accord- 
ing to indices into convenient project.s and their costs 
of improvement estimated by the design department. 
These tabulations are too bulky to be included in this 
report, but a sample is shown in Table G, pages 77-78, of 
the Appendix, and the tabulations are on file in the 
fiighway Department. 
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HIGHWAY STRUCTURES 



Bridges 

Because of its hilly and mountainous terrain 
with narrow valleys causing extremely rapid 
run-off of water during storms, Vermont has an 
extensive bridge problem. For this reason any 
highway program must give careful considera- 
tion to adequate bridge construction. Many of 
the existing structures which were built before 
the advent of heavy motor vehicle traffic are 
today the weak links in the highway chain. 

Prior to 1915 little thought was given to the location 
of bridges with respect to highway alignment, nor did 
the requirements of slow horse-drawn vehicles demand 
capacities for heavy roads. Sharp approach curves, 
narrow roadways, low clearances and structural weak- 
nesses make these older bridges unsafe for modern traflic 
conditions especially on main roads. The first attempt 
to coordinate road and bridge construction was a law 
passed in 1915 requiring all bridges built with State-aid 
funds to have a capacity of 15 tons and a roadway 
width of 20 feet if conditions warranted. 

One of the predominating types of bridge built 
before 1900 was the covered wooden bridge. These 
are rapidly disappearing on the main highways, but still 
continue to be adequate on the lesser travelled town 



highways where they will be preserved as long as pos- 
sible because of their picturesqueness. Although the 
trusses of the covered bridge are unusually strong, weak 
floor systems and serious disintegration at the ends 
where the wood beams come in contact with the earth 
make constant repairs necessary. Low clearances, more- 
over, add to their unsuitability for heavy truck traflSc. 

Of the older bridges in Vermont, many now have 
been replaced with more modern structures, and addi- 
tional new ones have been built to carry safely the loads 
imposed by motor vehicle traffic. On the various 
rural systems there now are 2,093 bridges of 
20-foot span or over, together with hundreds of 
small drainage structures ranging in span from 
6 to 20 feet. Many of these are totally inade- 
quate for present conditions, and their moderni- 
zation as soon as funds become available is 
important. Inadequate bridges on main highways 
have become of special concern to the Federal Govern- 
ment because of the needs of National defense. 

Bridges on the State System 

To serve traffic properly, the clear roadway of 
a bridge should be at least four feet wider than 
the surface of the highway leading up to it. At 




NARROW BRIDGE 
Passing on narrow bridges is difficult and dangerous. 
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Number of Bridges of 20-foot Span and Over on State System Less Adequate Than the Average, 
Summarized According to Capacity, Width, and Traffic Volume 

Equal to or Greater Than 
H-1 5 Lane Loading 



Less Than H- 1 5 Lane Loading 

N limber of Roadway Width Less Than 

Bridges Average 24-honr Traffic (1937) 24' 20' 18' 

3 5 1,000 and over 3 1 

14 500-999 8 6 4 

26 Less than 500 20 19 13 

All Groups 31 26 17 

(Of these structures, nine have a vertical clearance of less than 14 feet.) 



Koadivay Width Less Than 
24' 20' 18' 
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1 





6 


1 





6 


6 


1 
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the present time, for all volumes of traffic, bridges con- 
structed with Federal-aid funds are designed with a 
24-foot clear roadway. This minimum width is recom- 
mended by the American Association of State High- 
way Officials for all roads carrying over 1,000 vehicles 
per day. The wide trucks now using the highways 
make passing on 18- and 20-foot bridges difficult and 
dangerous, and on 14- and 16-foot bridges impossible. 
The present Vermont State Highway bridge standards 
for non-Federal-aid projects specify 20 feet as the mini- 
mum roadway width, but this is considered inadequate 
on highways carrying large volumes of traffic. 

Prior to 1900, roads were constructed with surfaces 
about 8 to 10 feet wide. In the Biennial Report for 
1902, the Commissioner of Highways advocated 12-foot 
surfaces for roads. This allowed for loads which over- 
hung the width of vehicles and improved the facilities 
for passing. Apparently many bridges constructed even 
before 1900 had clear roadway widths of from 4 feet 
to 8 feet wider than the surface of the road leading up 
to them. Since that date our highways have gradually 
widened, as traffic has increased, to a 20-foot travelled 
surface. But the clear roadway width of bridges has 
not been changed in proportion. 

It is also important to the free movement of traffic 
that the clearance between the roadway surface and 
any part of an overhead bridge be sufficient for the 
maximum size of the loads carried. The law limits the 
height of vehicles in Vermont to 12.0 feet, but most 
States permit loads and vehicles to have a maximum 
height of 12.5 feet. In order to allow the movement 
of traffic carrying loads as high as the law allows, it 
is necessary to provide at least a 12-foot vertical clear- 
ance, and 12.5 feet is provided wherever possible. On 
Federal-aid bridges a minimum vertical clearance of 
14.0 feet is required. 

More important than either vertical or horizontal 
clearance is the ability of a bridge to carry heavily loaded 
vehicles. At the present time bridges are designed to 
carry what to the engineer is known as H-1 5 Lane 
Loadings.^ In early years not as high a standard was 
used at all times, and deterioration of the members has 
reduced the safe carrying capacity of many old bridges 
below the present requirement. 



For purposes of determining a schedule of necessary im- 
provement on bridges of 20 -foot span length and over 
on the State Highway System, an index or rating was 
established for each bridge. This index expresses the 
relation of several of the more important factors to be 
considered in bridge construction or improvement, and 
indicates the relative need of improvement of any one 
bridge in comparison with all others on the State High- 
way System and State-aid Connecting Links. 

In the development of this index, deficient load carry- 
ing capacity was given principal weight, and deficiencies 
of alignment and roadway width in relation to traffic 
were considered next in importance. Deficiency ratings 
were computed for all bridges of 20 -foot span length 
and over, and the average of the 5 36 structures on the 
State System was found to be 1.4. There are 75 
bridges that are more deficient than the average. 
(See Table 10, page 34.) On Map No. 1 in the Appen- 
dix, deficient or inadequate bridges are indicated by 
means of a blue triangle. The higher the triangle the 
greater is the degree of deficiency of the bridge. 

Besides the above listed structures, there are 60 on 
the State System having a roadway width of less than 
24 feet that carry 1,000 vehicles or more per day. 
Since 18 -foot surfaces carrying this volume of traffic are 
scheduled to be widened to 20 feet it seems reasonable 
to widen these bridges to 24 feet so that the bridge may 
be 4 feet wider than the road. 

In addition to the bridges having spans of 20 
feet or more, there are 553 smaller structures 
with spans of 6.0 to 19.9 feet. The present struc- 
tural characteristics of many of these limit the 
free movement of traffic. Capacity and width 
are the restricting factors of these smaller struc- 
tures on State Highways since there are no re- 
stricted vertical clearances. 

H-1 5 I..Tnc Loading is equivalent to a continuous procession 
of trucks passing on two 10-foot lanes, each procession being made 
up as follows: A H-ton truck preceded and followed by a ll'/^-ton 
truck, the trucks assumed to be 30 feet apart and the wheelbase 
of each assumed to be 14 feet. In each truck the load is assumed 
to be distributed 20 percent on the front axle and 80 percent on 
the rear axle. 



32 



SHARP CURVE ON 
NARROW BRIDGE 

Sharp approach curves 
and narrow roadways 
make these older bridges 
unsafe for modern traffic 
on main highways. 
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The 5 53 structures having 6.0- to 19.9-foot spans 
have been classified by the Highway Department as 
follows: 

Class 1. Twenty-six structures are inadequate be- 
cause of capacity, all of which are less than 24 feet in 
width, 15 less than 20 feet, and 9 less than 18 feet. 
Some of these are on poor alignment. (See Table D, 
pages 72-73, in the Appendix.) 

Class 2. There are 27 others which are less than 24 
feet in roadway width, 11 of which are less than 20 feet 
in roadway width, and 4 less than 18 feet. These struc- 
tures are on poor alignment. (See Table D, pages 72-73, 
in the Appendix.) 

Class 3. There are 3 84 on good ahgnment where 
the roadway width is less than 24 feet. It is possible 
for vehicles to pass on these structures, but it is a dan- 
gerous practice because of the speeds travelled on ap- 
proaching road sections. There are 37 of these having 
a roadw.iV width less than 20 feet. (See Table E, page 
74, in the Appendix.) 

Class 4. There are 116 that are considered adequate 
in all respects for the free movements of vehicles. 



Bridges en the State-aid System 

Bridges on the State-aid Highways do not generally 
carry as high volumes of traffic as do State Highways, 
nor are they subjected to as great a frequency of heavy 
loads. 

These bridges, however, should have the same vertical 
clearance as other bridges, since vehicles are permitted to 
operate with loads extending 12.0 feet high. At present 
there are 21 bridges with an overhead clearance of less 
than 12.0 feet on the State-aid System. (See Table 11, 
page 37.) 

Since most of the traffic volumes are considerably less 
on these State-aid Highways, the chances of meeting 
another vehicle on a bridge are not as great as on State 
Highway bridges. Consequently, it is not a great in- 
convenience to wait for an excessively wide vehicle on 
infrequent occasions. On low volume roads, widths of 
14 and 16 feet will suffice for several years, but on 
roads carrying 200 vehicles or more per day, a 20-foot 
clear roadway should be provided, as the chances of 
meeting other and larger vehicles are greater at this traffic 
volume. 




NARROW CULVERT 

The clear roadway of a bridge or culvert should be at least 4 feet wider than the surface 

of the highway leading up to it. 
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Many of these bridges have been in use for 40 to 60 
years and are not designed to withstand the loads of 
present traffic. Bridges constructed at the present time 
are designed for H-15 lane loading, the same as on State 
Highways. Information is lacking on the actual load 
carrying capacity of most of the older bridges, and 
it is generally impossible to determine this because the 
extent of damage by rust and decay is not readily 
measurable. However, 18 bridges were classified in 
1937 as being in a generally poor condition. (See Table 



11, page 37.) This is exclusive of bridges constructed 
during the last three years which are of adequate stand- 
ards. For the bridges of less than 20-foot span there are 
no data available at the present time. The present 
statutes and financial outlays are believed adequate for 
the replacement of deficient State-aid bridges. 

As information was available for bridges on the State- 
aid Connecting Links a more detailed study was made. 
These are used by traffic on State Highways and should 
be of the same standards. 



BRIDGES OF 20-700T SP/il OR WORE ON THE RURAL STATE-AID SYOTEU CLASSIFIED BY HORIZONTAL aOT) IffiRTICAL CIZABAHCE3 
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TABLE 12. 
BRIDGES OF 20-rOOT 3P/JI OB UORE Ofl THE STATE AIU COtUreCTDlG LIItt3 OF THE ST/iTE SysTEU LI:^TED 



IN TIE ORUEB OF DEFICIENCY JUDEX, /l 



County 


Route 


Town 


Station /2 


H?S 
No. 
/3 


Type 


Span 


Loodlng 
CupBCity 


Horizontal 
Clearance 


Vertical 
Clearance 


Te«r 


Average E4-Hour Traffic 


Deficiency 


Estimated 
Coat of 


1937 


Eatlmeted 


19'15 
Total 


1950 

Total 


Constructed 


Total 


Trucks 


Windsor 
Lamoille 
Wlndaor 
Caledonia 


Vt, 12 
Vt. 108 
0,3. 5 
U.S. 2 


Woodatock Vll. 
StowE Village 
■White River Jet, 
St. Johncbui^ 


13 i 98 

4 t £7 

£24 + 57 FA 

258 + 59 FA 


320 
123 
140 

124 


Truaa 

Covered Bridge 

Truss 

Truss 


114 
107 
379 
156 


H-10 

H-e 

11-10 
H-10 


18 

16 
EO 
SI 


13 

11 

14 

Unlimited 


1900 

leeo 

1915 
1905 


1000 /4 

620 
3000 A 
2500 Ja 


Vehicles 
53 

17 5 

123 


Vehicles 

1310 
812 
3930 
327 5 


Vehicles 

1450 
899 
4350 
3625 


13.2 
IE. 6 
11.5 

11.3 


$ 15,000 
25,000 
125,000 ■ 
£50,000 


Rutland 
Orange 
BeaninBton 


U,S, 4 
D,S, 5 
U,S, 7 


Fair Haven Vll. 
Wells River Vil. 
UBDCheeter 


91 4 64 FA 
517 4 13 FA 
E60 t 88 FA 


71 
67 
35 


T-Bean 
I-Beon 
Stone Aroh 


53 
62 
30 


H-15 
H-15 
H-15 


20 
20 
22 


Ununited 
Unlimited 
On limited 


19E5 
1929 
1909 


£500 Ji 
1300 2i 
2000 


175 
147 
160 


327 5 
1703 
2620 


2030 
3635 
1885 
2900 


10,7 
4.3 

a,E 

2,1 


7.OO0 
5,000 • 
5,000 
5,000 


WlndHor 
Windeor 
Wlndeor 


Vt, 103 
Vt. 11 
Vt. 12 


Snanton Village 
Cheater 

Springfield Vll. 
Bethel 


203 4 33 FA 
49 * 4£ FA 
88 + 39 FA 


124 
£47 
4S 


T-Beam 

Trusa 

Slab 


98 
133 
376 


H-15 
H.15 
H-15 


20 
20 
EO 


Onllmlted 
Unlimited 
Onllmltad 


1924 
1910 
1929 


L200 
4000 M 
1200 


148 
150 
90 


1572 
5240 
1572 


1740 
5800 
1740 


S.6 
£,0 
£.0 
2.0 


1M;66o 
10.000 
30,000 
30,000 



• Included in Proposed Tan Year Program, 

1/ Bridges having a deficiency index of leea than the average of 1.4 not inoludod, 

2/ Stationa refer to straight line diagrams. Foderal-ald ladloatod by FA. 

Z/ Number assigned by Hlghwny Planning Survey. 

4/ Trofflo EBtlmated. 
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Some of each year's State-aid appropriations, supple- 
mented by Federal-aid and State matching funds, are 
used on the State-aid Connecting Links. Table 12 is 
a listing of bridges on these Connecting Links for which 
an analysis similar to State Highway bridges was made. 

The following is a summary of Table 1 2 ; 

1. There are 12 of these bridges on which conditions 
are such that free movement of traffic is seriously re- 
tarded. 



2. One bridge has less than 12.0 feet vertical clearance 
and three bridges have vertical clearance of less than 
14.0 feet. 

3. Five bridges are inadequate in capacity and two 
are less than 18 feet in roadway width, yet carry over 
5 00 vehicles per day. 

These bridges are indicated by means of shaded tri- 
angles on Map 2, the greater the height of the triangle 
the greater the deficiency. 



TABIZ 13. 
BRirOSS OF 20-FOOT SPAM OH ICRK OH THE BmAL TOSH STSTSM CUSSIFIKD BY HORIZOtfTAL AND VKOTICAL CIZAHANCSS 
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1 Cleoran 


CB in Fe 
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13.0- 






Type 


Matarlal 
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17 


18 


19 


20 


21 


22 


23 


24 


25 


Total 


10 


11.9 


12.9 


13.9 


over 


Total 
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Truss 


Stoal 
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175 
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St r In gar 


Wood 
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31 


32 
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Slab 
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1 
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19 
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4 


2 


19 


Sub- total 
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4 






1 








348 
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32B 


348 
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17 


5 


4 





4 
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1 







84 
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13 


2 
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2 





64 


66 
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23 


13 


22 


4 


5 


2 


1 
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1 


216 














216 
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16 


1 


2 
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2 

















128 





3 


1 
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Tiood 


26 


IS 


8 


19 


3 


3 
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78 





41 


24 


11 


2 


78 


Suh-total 




386 


87 


29 


49 


7 


15 


3 


4 


1 











1 


583 





45 


27 


11 


500 


583 
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Sub-total 
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84 


92 


Grand Total 


635 


136 


74 


94 


17 


37 


' 


22 


5 


2 


1 
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1023 
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58 


35 


16 


912 


1023 



TABLE 14. 
DITOERPASSES ON THE STATE SYSTEM AHD THE STATE AID GONNECTINO LINKS CUiSSIFIED BY ROADWAY WIDTHS, VERTICAL CI£ARANCES AND TRAFFIC VOLUME GROUPS 



Clear Roadway Widths 
In F«at 


Average 24-Hour Traffic (1937) 


Total 


100-199 


200-299 


300-399 


400-499 


500-999 


1000-1999 


2000-2999 


3000-4999 


Under 16 
16.0 - 17.9 
IB.O - 19.9 
20.0 - 21.9 
22.0 - 23.9 
24.0 t OTer 


1 
2 


1 
1 


1 
1 


1 
2 


1 

3 
3 


1 
2 
1 
7 


5 

1 


1 
2 


3 

1 
16 

4 
13 


Total 


3 


2 


2 


3 


7 


11 


6 


3 


37 


Clear Vertical Heights 
in 7eet 






9.0 - 9.9 
10.0 - 10.9 
11.0 - 11.9 
12.0 - 12.9 
13.0 - 13.9 
14.0 t Over 


2 

1 


1 
1 


1 
1 


1 
1 

1 


1 
2 
2 

2 


4 

1 
6 


1 
2 
2 

1 


1 
2 


1 
2 
4 
10 

s 

1J2 


Total 


3 


2 


2 


3 


7 


11 


6 


3 


37 



Bridges on the Town System 

There are 1,02 3 bridges on the rural town system 
having a span length of 20 feet or over. These are 
shown in Table 13, classified by condition, type, and 
horizontal and vertical clearance. It will be noted that 
there are 348 bridges classified as good, 583 as fair, and 
92 as poor. Of the 92 classified as poor, 3 5 are of the 
wood stringer and truss type and will probably need 



attention first. The remaining 57 classified as poor will 
serve the small volume of traffic using them for a good 
many years and need not be considered for replacement 
unless traffic increases considerably. No data are at 
present available on bridges of less than 20-foot span 
length on the Town System. 

During 1939, over 40 bridges of 6-foot span and over 
were replaced on the Town System with P. W. A. funds, 
State funds, and Town funds. 
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Underpasses and Overpasses 

Highway underpasses and overpasses present much the 
same problem as do bridges, being restrictive to the free 
movement of traffic in regard to curvature, vertical 
clearance, and roadway width. In fact, underpasses pre- 
sent a more serious problem than bridges with regard to 
roadway width, particularly during the winter months 
when snow and ice make it difficult during the bad 



weather to maintain the full width of the travelled way. 
Sharp curves and limited vertical clearance make many 
of these underpasses a menace to traffic and restrict the 
use of the highway for military operations as well as 
for regular traffic. 

Table 14 classifies underpasses on the State System 
and State-aid Connecting Links according to roadway 
width, vertical clearance, and traffic volume. The 37 




SHARP CURVE AT NARROW UNDERPASS 
Places like this create hazards and restrict the free movement of traffic. 
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structures are summarized according to roadway width 
as follows: 



Roadway WiJ/h 

24 ft. and over 

Less than 24 ft 

Less than 22 ft 

Less than 20 ft. 

Less than 1 8 f t 

Less than 16 ft. 



Number 

. 13 

,. 24 

. 20 

4 

3 

3 



It will be noted that, of the three less than 16 feet, one 
is carrying a traffic volume of between 5 00 and 1,000 
vehicles per day; and that of the four less than 20 feet, 
one is carrying a traffic volume of between 1,000 and 
2,000 vehicles per day. 

Seven underpasses have a vertical clearance of less 
than 12.0 feet, the legal maximum height permitted for 
vehicles. 

In addition to the roadway width and vertical clear- 
ance, the sight distance and curvature on approaches 
create a hazard to motor vehicles. Some underpasses 
have sight distances of less than 5 feet which, coupled 
with curves of 20 to 40 degrees, present a formidable 
traffic hazard. 



An analysis of all underpasses on State Highway and 
State-aid Connecting Links has been made similar to 
that for bridges for the purpose of determining which 
underpasses are most dangerous to the free movement of 
traffic. In this analysis an index was computed for each 
structure taking into consideration roadway width, ap- 
proach alignment, and traffic. These factors are listed 
in Table 15 for those underpasses having deficiencies 
greater than the average. 

All seven of the underpasses with vertical clearances 
less than 12.0 feet are included in this listing. Only 
three out of the 1 5 listed have roadway widths of more 
than 2 feet. The order of priority expressed in this 
schedule indicates the relative need at these locations for 
improvement by relocation or reconstruction. 

There are three overpasses on the State System and 
two on the State-aid Connecting Links. Of this number, 
four are inadequate because of capacity and three of 
these have roadway widths of less than 24 feet. (See 
Table 1 5, page 40.) 

Those underpasses and overpasses having a deficiency 
greater than the average are shown on Maps 1 and 2. 
Map 1 shows the structures on the State System by 
means of a yellow triangle and Map 2 shows the struc- 
tures on the State-aid Connecting Links by means of 
a shaded triangle. 



TABLE 15. 
'A33SS AND OVERPASSES ON THE STATE SYbTEM AND THE STATE AID CONNECTING LINKS LISTED IN THE ORDER OF DEPI'JIENCY INDEX /l 



County 


Routa 


Town 


Station 


aP3 
No. 
/3 


Type 


Span 


loading 
Capacity 


Horizontal 
Claaranoe 


Vertical 
Oiearanca 


( 


verage 24-Hour Traffic 


Doflalanoy 
Index 


Coat of 
Improvement 


1 


37 


Estimated 


1945 
Total 


1950 
Total 


Total 


TruQiCB 














Feet 




7eat 


Feot 


Vehicles 


Vehicle a 


Vehlolea 


Vehlolea 






State System 
































UQdBi-paBfloa 


Vt. 30 


Poultaey 


396 ♦ 64 


46B 


I-Bean 


13 




15.0 


9.6 


450 


32 


590 


650 


15,4 


» 60,000 


Hutland 


r.rnnil TnU 


U.S. 2 


Alburg 


33E 4 66 PA 


3EB 


I -Bean 


15 


_ 


14.0 


10.0 


500 


60 


655 


725 


13.3 


70.000 




7t. 102 


Bloomfield 


14 * 43 


20B 


I-Beam 


20 


- 


20.0 


11.0 


425 


50 


557 


616 


7.4 


60.000 


rn«n111fl 


Vt. 15 


Woloott 


125 » 03 PA 


34B 


GlPder 


21 


- 


20.0 


10.5 


500 


90 


655 


725 


7.4 


30,000 


Or la ana 


Vt. 105 


Bsnport 


152 » 50 FA 


40B 


Plato Olrder 


20 


- 


20.0 


11.0 


680 


100 


691 


966 


7.1 


50,000 


T^nlflln 


U.S. 7 


SwantoQ 


255 * 21 FA 


31B 


I-Beon 


19 


_ 


18. e 


13.6 


15O0 


150 


1965 


2175 


6.8 


150.000 /5 


Fmnklln 


Vt. 104A 


Georgia 


91 » 02 


23B 


Arch 


44 


- 


15.5 


20.0 


130 


15 


170 


189 


5.4 


75,000 




U.S. 2 


MlddlBSOi 


134 ■» 43 FA 


52B 


Girder 


33 


. 


20,0 


12.0 


2400 


259 


3144 


3480 


5.3 


100,000 




U.S. 2 


E. yontpellar 


£61 f 26 FA 


91B 


Girder 


32 


- 


20.0 


12.5 


1^50 


123 


1638 


1813 


5.2 


70,000 




Vt. 14 


RoyaltoQ 


271 4 53 FA 


76fl 


Olrder 


26 


- 


20.0 


12.0 


1100 


156 


1441 


1595 


5,1 


100,000 




U.S. 302 


Oroton 


164 t 96 FA 


9B 


Girder 


22 


- 


21.0 


11.5 


340 


40 


445 


493 


4.8 


25,000 


Windsor 


Vt. 14 


Hoyalton 


202 t 59 PA 


75B 


Girder 


64 


- 


30.0 


16.3 


1100 




1441 


1595 


4.0 


50,000 


OTerpassea 
































Wladaor 


Vt. lOA 


Norwloh 






Woodon Boom 
























Vt. 102 


Ualdatona 


134 ♦ 79 


16A 


Wooden Baan 


U8 


H-10 


20.0 


- 


100 


15 


131 


145 


10.3 


40,000 


Wlndaor 


Vt, 103 


Glieator 


453 i 27 FA 


41A 


I -Beam 


325 


H-15 


19, B 


- 


1150 


1G4 


1507 


1668 


4,2 


125,000 


3tate Aid Conne 


ctlng Llnka 






























TJnderpeaaea 


U.S. E 


Waterbury Vll. 


56 4 84 FA 


61B 


Girder 


36 




EO.O 


11.3 


25O0 


300 


3275 


3625 


19.5 


250,000 






U.S. 7 




84 t 98 PA 


3B 


Girder 


20 


~ 


20.0 


14,0 


2000 


325 


2620 


2900 


4.4 


65,000 


Wlndaor 


U.S. 5 


White Rlvor Jot 


220 ♦ 09 FA 


73B 


Glrdor 


40 


- 


20.8 


12,0 


3000 


175 


3930 


4350 


4.8 


100,000 


Ov9rpa83ea 


U.S. 7 


Wlnooelcl City 


U 4 26 FA 


14A 


Stringer 


25 


B-IO 


38.0 


_ 


3000 /4 


225 


3930 


4350 


11.5 


14,000 




taeex 


Vt. 105 


Island Pond 


256 4 73 FA 


4eA 


Wood Boan tc 
Truaa 


562 


H-e 


24.0 




300 J± 


' 


393 


435 


11.1 


200,000 



1/ Undarpasaea having a deflolency Index of leos than the < 

2/ Stations refer to straigbt line diagrams. 

3/ IJuober assigned by Highway Planning Survey. 

4/ Traffic aatlmated, 

5/ Coat of Improvomont Includoa bridge and undorpaBa. 



erage of 3.8 not Included. 
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NARROW UNDERPASS WITH LOW CLEARANCE 

Sharp curves and limited vertical clearance make many of these underpasses a menace to 

troffic. 




SHARP CURVES AND NARROW ROADWAY 
The elimination of a dangerous underpass (construction in progress). 
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RAILROAD CROSSINGS 



Railroads made their appearance in Vermont about 
18 50 and quickly replaced other forms of transportation, 
particularly for all long distance movement of freight 
and passengers. Where these railroads crossed the high- 
ways, it was necessary to change the highway to fit by 
construction of grade crossings, overpasses and under- 
passes, which at the time were not particularly hazardous 
for the highway traffic using them. 

The change in type and volume of highway 
traffic with the advent of motor vehicles, how- 
ever, has made railroad crossings a major 
hazard. What was of small importance 75 years 
ago has now developed into a major restriction 
to the free and safe movement of motor vehicle 
traffic. 

Under the present law. Chapter 2 56 of the Public 
Laws, the Public Service Commission is authorized to 
order the improvement and alteration of grade crossings, 
when in its opinion the public safety requires such im- 
provements and alteration. In the event of a petition 
from the selectmen, or from any railroad representative, 
the cost of such work shall be apportioned between the 
State, the Town in which the improvements or altera- 
tions are made and the railroad, such cost not to exceed 
40 percent to the State, 10 percent to the Town and the 
remainder to be paid by the railroad. When the Public 
Service Commission authorizes such improvements and 
alterations upon its own intiative and in the absence of 
any petition, 20 percent of the expenses shall be paid by 
the State and the remainder shall be paid by the railroad. 

In 1917, a law was enacted requiring each railroad to 
spend, for each mile of track in operation, not less than 
75 dollars for the removal of grade crossings. However, 
the Public Service Commission may, after notice and 
hearing, exempt any railroad from the above require- 
ment. The railroads complied with this law up to and 
including the year 1931 and have been exempt for the 
last nine years. 

The elimination or protection of hazardous 
grade crossings which prevent the smooth flow 
of large volumes of traffic with safety should 
continue as rapidly as available funds will per- 
mit. Federal funds have been provided for this purpose 
in several recent Acts and are an outright grant. The 
State is required to pay for the right of way and pre- 
liminary engineering costs. Although total elimina- 
tion is not always practical or economically pos- 
sible, all dangerous crossings should at least have 
adequate protective devices installed. 

The inventory of railroad crossings on all roads and 
streets in the State shows that there arc 697 crossings 
at grade, 5 02 of which are considered rural. The 60 
highway overpasses and 107 underpasses were discussed 
in detail under Highway Structures. 



Grade Crossings on the State System 

There are 77 crossings at grade on the State System. 
These are protected as follows: 

Ntimber of 

Type of Protection Crossings 

Automatic Barrier 1 

Automatic Gates 2 

Watchman (part time) 2 

Lights 23 

Signs Only 49 

All Types 77 

Much study has been given to the subject of hazards 
and delays at grade crossings, and numerous attempts 
have been made to devise a formula which will permit 
the rating of each crossing in the order of relative im- 
portance of elimination or protection. The Public Roads 
Administration has for some time been studying data 
concerning grade crossings with accident records col- 
lected in the planning surveys in numerous States, with 
the hope of developing a better formula for hazard 
rating than any now in use. This study has not yet 
been carried through to conclusion. 

In the absence of a single, generally accepted formula, 
a study was made of several methods of hazard rating 
in use in other States. From these an index was devised 
which is in accordance with the best informed opinion 
concerning grade crossing hazards. 

This index or deficiency rating was based on both 
highway and railroad traffic. Other conditions such as 
sight distance, gradient, train speed, frequency of night 
trains, number of times the crossing is blocked, and 
the type of protection also were used. The actual num- 
ber of accidents at each crossing was not taken into 
consideration because the accident experience in Ver- 
mont alone is not sufficiently broad to permit the elimi- 
nation of erratic results caused by chance accidents or 
accidents which were the fault of the dri\-er and had no 
relation to the hazard of the crossing itself. 

The average index determined for grade crossings on 
the State System was 2.6, and there were found to be 
21 crossings which have conditions more hazard- 
ous than this average. These are the ones which 
should be considered in any future program of 
elimination or improvement in type of protec- 
tion. (See Table 16.) 

Crude Crossings on State-aid System 

On State-aid Highwavs there are 188 grade crossings 
of which 3 2 are on the State-aid Connecting Links. 
These crossings have the following types of protection: 
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Number of 
Type of Protection Crossings 

Automatic Gates 3 

Watchman 6 

Wigwag, Lights and Bells 4 

Lights 14 

Bells 6 

Signs 155 

Total All Types 188 

The 32 grade crossings on the State-aid Connecting 
Links, although nominally under town or other local 
administration, are fully as important as those on State 
Highways because they are located on through routes in 
incorporated areas. An analysis was made of these cross- 
ings similar to that for crossings on State Highways. 
In this analysis, seven of the 32 crossings were omitted 
because they were located on spur tracks operated in- 
frequently and at which trains stop before crossing. 
The average deficiency index of the crossings 
on the State-aid Connecting Links is 5.9. There 
are nine crossings which have conditions more 
hazardous than the average and all but two of 
these have a higher type of protection than signs. 
These two crossings should have protective de- 
vices installed as soon as available funds will 
permit. (See Table 17.) 



The construction of overpasses or underpasses to im- 
prove conditions on State-aid Connecting Links is not 
economically feasible at all locations. However, it 
may be possible in the near future to reduce the hazard 
at some grade crossings by the development of alternate 
routes in or near urban areas. 

Grade Crossings on the Town System 

On the Town System there are 432 crossings at 
grade; these are protected as follows: 

Number of 
Type of Protection Crossings 

Watchman 11 

Wigwag, Lights and Bells 6 

Lights 14 

Bells 6 

Signs 395 

Total All Types 432 

On most of the Town Highway grade cross- 
ings the traffic is so light that elimination is not 
economically justified. However, improvement 
in type of protection might be made in numer- 
ous cases. 



THE STATE-AID SYSTEM 



The State-aid, or Selected, System of Highways was 
created in 1906 for the purpose of securing a connected 
system of highways in the State. 

The State-aid System as it now exists is con- 
sidered as the secondary or feeder road systein 
for the State Highways. It is defined as con- 
sisting of highways controlled by the towns 
which have been selected as trunk lines from 
town to town and from population centers to 
railroad stations where there is no State High- 
way serving the same purpose. They are eligible 
to receive, under State supervision, State-aid 
funds for construction and maintenance. 

At the present time this system consists of 2,730.7 
miles of highways. 

Improvements during the last three years are sum- 
marized by showing the mileage status as of January 1 
of each year. 

Mileage as of January 1 

Type of Surface 193 8 19)9 1940 

High Type 116.5 134.6 140.0 

Intermediate Type 218.5 245.8 266.2 

Total Hard Surface 335.0 380.4 406.2 

Gravel Surface 2,130.0 2,184.9 2,192.3 

Unsurfaced 247.6 149.7 132.2 

Grand Total 2,712.6 2,715.0 2,730.7 



Over a period of two years there was an increase of 
71.2 miles of hard surface roads and an increase of 62.3 
miles of gravel roads. The total mileage of the system 
shows an increase of 18.1 miles for the two-year period. 

Rural State-aid System 

There are 2,511.5 miles of State-aid Highway classi- 
fied as rural. (See Table 18.) This mileage is sum- 
marized as follows: 

132.0 miles, or 5.2 percent, are unsurfaced; 
2,156.6 miles, or 8 5.9 percent, are surfaced with 

gravel; and, 
222.9 miles, or 8.9 percent, have surfaces superior 

to gravel. 

These roads play an important part in serving the 
traffic of rural areas. The mileage on this system con- 
stitutes 18.6 percent of the total rural mileage, and 
serves 15.4 percent of the rural traffic. The volume of 
traffic in 1937 ranged from one vehicle per day on one 
road section to 1,700 vehicles per day on another. 
Traffic Summary of the Rural State-aid System 
12 A miles carry over 5 00 vehicles per day 

87.8 miles carry 300-499 vehicles per day 
2,032.1 miles carry 2 5-299 vehicles per day 

292.3 miles carry 1 0-24 vehicles per day 

76.9 miles carry 0-9 vehicles per day 

2,511.5 miles 
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It IS significant that there are 7(,3 miles carrying less 
than 10 vehicles per day and that 369.2 miles, or almost 
1 5 percent of the rural State-aid System, are carrying a 
traffic volume of less than 2 5 vehicles per day. It 
appears that some of the State-aid mileage is not 
servmg the public in a manner commensurate 
with the purpose of State-aid Highways and 
should be removed from the system. Roads 
carrying less than 25 vehicles per day do not 
belong on this system unless they serve as im- 
portant connections between other more heavily 
travelled State or State-aid Highways. 

III! proi ciiicnfs 

In order for the State-aid System to serve the 
public properly as connecting roads from town 
to town, it should have a gravel or better surface 
type. There are now 132.0' miles in this system 
that are not surfaced with anything but the 
natural earth. 

According to tentative standards established by the 
Highway Department, highways carrying 300 vehicles 
or more per day should have a surface superior to gravel. 
At present, there are 23.3' miles of gravel surface on the 
State-aid System carrying 300 or more vehicles per day. 
Traffic forecasts indicate that most of the highways 

^ Some of this mileage is in the 1940 program. 



now carrying between 200 and 300 vehicles per day will 
be carrying 300 and over by 1950. In this category 
there are 97.7' miles of State-aid gravel roads. 

The locations of gravel State-aid Roads now 
carrying over 300 vehicles per day and those car- 
rying 200-299 vehicles per day are shown by 
means of shading on Map 3 in the Appendix. 
These should be hard surfaced by 1950. Also 
on this map are shown those State-aid Highways 
which at present are unsurfaced. (Composed of 
natural earth.) 

In addition to the State-aid Highways mentioned 
above, the rural State-aid Connecting Links also require 
certain improvements. It is estimated that 2.1 miles of 
highway should be widened to more than two-lanes, 2.5 
miles of paved highways should be reconstructed, and 
0.8 miles of surface-treated gravel should be replaced 
by a higher type of surface. 

Urban State-aid System 

There are 219.1 miles of State-aid Highways and 
streets that are classified as urban. (See Table 3, page 
13.) Of this mileage 9 5.2 miles are considered State-aid 
Connecting Links of the State System. At the present 
time State funds are available for the improvement of 
this urban mileage on the same basis as rural roads. 
Federal-aid is also available on such State-aid Connecting 
Links as are on the Federal-aid System. The continued 



TABLE 18. 
MILEAGE OF THE RURiO. STAT3-AID SYoTKM CLASSIFIKD BY SURFiiCE TYPES jiND BY TR/J-FIG VOLUME GROUPS 



(1937) 

Average 24-Hour 

Traffic 






Surface 


Types 






Total 


Unsurfaced 


Plain 
Gravel 


Surface 
Treated Gravel 


Gravel Miied- 
In-Place 


Macadam 


Concrete 


Vehicles 

0-9 

10 - 24 

25 - 49 

50 - 99 

100 - 199 

200 - 299 

300 - 399 

400 - 499 

500 - 599 

600 - 699 

700 - 799 

800 - 899 

900 - 999 

1000 - 1249 

1250 - 1499 

1500 - 1999 

2000 - 2999 

3000 & Over 


Miles 

30.4 
53.3 
34,8 


Miles 

46.5 
237.5 
611.7 


Miles 

1.5 
5.9 


Miles 


miss 


Miles 


Miles 

76,9 
292.3 
652.4 


9.1 

4.4 


727.9 

412.0 

97.7 


24.6 

38.7 
35.0 


3.8 

4.3 

10,1 


0,9 

0,6 
18,2 


- 


766.3 , 

458.1 

155.3 


- 


18.8 
3.6 
0.8 


20.7 

12.4 

3.1 


10,4 
11.0 


1.1 
1.2 
1,5 


0.1 
0.1 


54.0 

33,8 

4,6 


- 


0.1 /I 


5.4 /3 


0,8 
1.2 /2 


3.2 


- 


4,0 
0,1 
6,6 


- 


- 


0.5 /I 


0.5 A 
0.4 A 
0.5 2 


0.6 /I 


0,1 A 

0,4 21 


1,0 
1,1 
0,9 


- 


- 


- 


- 


- 


1,8 
2,3 /I 


1.8 

2,3 


Total 


132.0 


2156.6 


147,8 


43,0 


27,3 


4.8 


2511,5 



1/ state-aid Connecting Link. 

2/ 0,2 miles State-aid Connecting Link. 

3/ 0.3 milaa State-aid Connecting Link. 
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improvement of this urban mileage should form a part 
of the future highway program. 

On the State-aid Connecting Links it is esti- 
mated that during the next ten years 7.8 miles of 
surface-treated gravel should be replaced by a 



higher surface type; 5.8 miles of paved highways 
should be replaced, 32.5 miles of highways should 
be widened, and 6.4 miles of highways should 
have additional lanes. The locations of these 
sections are shown by means of shading on Map 
2 in the Appendix. 



THE RURAL TOWN SYSTEM 



In addition to the State System, the State-aid System, 
and a few roads in forest reservations, there is a con- 
siderable mileage of local roads which are designated as 
the Town System. The construction and maintenance 
of these roads is the responsibility of the individual 
towns. As of January 1, 1940, there were 9,193.8 miles 
of rural town highways. This mileage is classified ac- 
cording to different surface types and is summarized as 
follows: 

6,069.6 miles, or 66.0 percent, are unsurfaced, or com- 
posed of natural earth; 

3,124.2 miles, or 34.0 percent, have been surfaced with 
gravel or better type. 

The total traific on these rural town highways 
is small in comparison with that on other roads 
in the State. Although these 9,193.8 miles con- 
stitute 68.1 percent of all rural road mileage, 
they carry only 7.8 percent of the total rural 
traffic in the State. 

Traffic Suniinary on Rural Town Sysfei?: 

0.2 mile carry over 3 00 vehicles per day 
71.1 miles carry 100-299 vehicles per day 

3.992.7 miles carry 1 0-99 vehicles per day 

5.129.8 miles carry less than 10 vehicles per day 



9,193.8 miles 



Approximatel}' 34 percent of the rural town mileage 
has been surfaced at least with gravel; and, of the re- 
maining 66 percent, 4,394.5 miles of the unsurfaced 
roads, or 47.8 percent of all town roads, carry less than 
10 vehicles per day. 

Thus it is apparent that there are few major trafhc 
problems on town roads. However, it is recognized that 
the State receives certain benefits, not reflected in travel 
benefits alone, from the iinpiovement of these roads. 
They serve the population residing along them as they 
have since this country was settled, and are funda- 
mentally land service roads at the present time, even as 
when the farmer hauled his produce to maikct with a 
team. Their development is still for the most part the 
responsibility of local governmental units. It has been 
necessary to modify the design of their drainage struc- 
tures and surfaces somewhat to accommodate safely the 
increased leads and speeds which the motor vehicle intro- 
duced. The use of motor vehicles has also increased 
maintenance costs on these roads. These increased 
loads, speeds, and maintenance costs, however, 
are a part of increased service to the resident 
population and to the property adjacent to these 
roads. 

Certain of these local roads are in the nature of lateral, 
or feeder roads, which connect small communities or 
groups of dwellings with State-aid Highways and State 



TABLE 19. 
MILEAGE OF THE RURAL TOV/N SYSTEM CLASSIFIED BY SURFACE TYPE AND BY TRAFFIC VOLUIIE (JROUPS 





Surface Type 








Surface 










Average 24-liour 




Plain 


Treatad 


Bituminous 


Macadam 


Macadam 






Traffic (1937) 


Dnsurfaoed 


dravel 


Gravel 


Mil 


Penet.-'ation 


Mixed-in-Place 


Concrete 


Total 


0-9 


4394.5 


735.3 


_ 


_ 


_ 


. 


. 


5129.8 


10 - 24 


1403.0 


1303,7 


1.9 


- 


- 


- 


_ 


2708.6 


25 - 49 


241.1 


765,8 


12.3 


0.1 


0.7 


_ 


_ 


1020.0 


50-99 


28.7 


223.0 


11.5 


0.2 


- 


0.5 


0.1 


264.1 


100 - 199 


2.3 


57.6 


5.4 


0.7 


- 


0.4 


_ 


66.4 


200 - 899 


- 


- 


4.7 


- 


- 


_ 


_ 


4,7 


300 - 399 


- 


- 


0.2 


- 


- 


- 


_ 


0.2 


400 & Over 


- 


- 


- 


- 


- 




- 




Total 


6069.6 


3085.4 


36.0 


1.0 


0.7 


1.0 


0.1 


9193.8 
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FIGURE 8. 

COMPARISON OF RURAL MILEAGE 

ON VERMONT HIGHWAY SYSTEMS 

WITH PERCENT OF DWELLINGS SERVED BY EACH 
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Highways. To assist in developing and serving those 
sources of travel to State Highways, the State has con- 
tributed $750,000 a year from its motor vehicle revenues 
for the improvement of town roads on the basis of 



FIGURE 9. 

COMPARISON OF PERCENT OF DWELLINGS NOW SERVED 

BY SURFACED RURAL TOWN MILEAGE 

WITH PERCENT WHICH MIGHT HAVE BEEN SERVED 
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$50.00 per mile as a direct grant to the town, and an 
additional $2 5.00 per mile if matched with town funds. 

An analysis of the expenditure of these State funds 
present certain inconsistencies which should be realized 
in any consideration of the local road problem. The 
dwelling density on rural town roads improved to dif- 
ferent degrees is a measure of service rendered because 
it indicates how well the resident population is being 
served. In Table 20, page 48, there is shown the mileage 
of Town Roads and the number and percent of dwellings 
served by surfaced and by unsurfaced roads in the dif- 
ferent dwelling density groups. Road sections used in 
the preparation of this table are of appreciable length, 
usually extending from one road intersection to another. 

In the following summary, it is shown that although 
Town Roads constitute 68.1 percent of the total rural 
road mileage, only 43.4 percent of the total rural dwell- 
ings are served by them. The remaining 56.6 percent of 
the dwellings is served by State-aid Highways and State 
Highways. In Table 20, it is shown that 36.9 percent 
of the Town Roads do not directly serve any dwellings 
and are only property access roads or connecting roads 
between communities or other roads on the various 
systems. 

Summary of Mileage of Rural Highways, and Dwellings 

Served on Each Highway System 

(See Figure 8) 



System 


Miles 


Percent 


Dwellings 


Perccn 


State Highways 


1,703.0 


12.6 


11,661 


27.0 


State-aid Roads 


2,511.5 


18.6 


12,796 


29.6 


Town Roads 










Surfaced 


3,124.2 


23.1 


10,805 


25.0 


Unsurfaced 


6,069.6 


4).0 


7,962 


18.4 



Total Town 9,193.8 68.1 
Other 94.4 0.7 



All Rural 



13,502.7 100.0 



18,767 
14 

43,238 



43.4 
0.0 

100.0 



During the past two years, considerable mileage of 
town highways has been improved. This is summarized 
according to mileage status as of January 1 of each 
year. 

Mileage as of January I 
Type of Surface I9U J 93 9 1940 

High 1.4 1.4 1.8 

Intermediate 27.1 32.5 37.0 

Low (gravel) 2,620.5 2,823.5 3,085.4 

Unsurfaced (natural earth) 6,530.5 6,322.1 6,069.6 

All Types 9,179.5 9,179.5 9,193.8 

Approximately 208 miles were improved in 1938 and 
267 miles were improved in 1939. 
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Up to the present time, improvements to Town 
Highways have resulted in 3,124.2 miles being 
surfaced with gravel or better types of surface. 
A considerable portion of this work has been 
on roads where the dwelling density is lower 
than on many sections of unsurfaced roads. (In 
Table 20, the number of dwellings on surfaced and un- 
surfaced Town Highways is compared for the different 
dwelling density groups.) 

The surfaced Town Roads represent 34.0 per- 
cent of all Town Roads and serve 57.5 percent of 
the dwellings on such roads. L^nsurfaced Town 
Roads represent 66.0 percent of all Town Roads 
and serve 42.5 percent of the dwellings on such 
roads. Thus the average dwelling density is greater 
on surfaced roads than on unsurfaced roads, as it should 

However, a considerable mileage of unsurfaced roads 
has a greater dwelling density than a considerable 
mileage of surfaced roads. A detailed study of this situa- 
tion was made and it was found that the total mileage of 
town roads with a dwelling density greater than 2.5 
houses per mile is approximately the same as the total 
surfaced mileage of town roads. If surfacing had been 



Dw9U.lag Density Groups Classified by surfaoed 
and Unsurfaced Tovm Highways 



Mileage and Percent of the Surfaced and Unsurfaced Rural Town Highways 1 


OlBsgif led hy Dwelling Density Groups 






DweUlng Density 
Number Per Mile 


Surfaced 


Unsurfaced 


Total 1 


Wles 


Percent 


Mi lea 


Percent 


Miles 


Percent 


0.0 


391.0 


4.3 


3,000.9 


32.6 


3,391.9 


36.9 


0.1 - 0.4 


0.0 


- 


15.1 


0.2 


15.1 


0.2 


0.5 - 0.9 


112.1 


1.2 


216.4 


2.4 


328.5 


3.6 


1.0 - 1.1 


229,9 


2.5 


491.0 


5.3 


720.9 


7.8 


1.6 - 1.9 


308.0 


3.4 


377.7 


4.1 


685.7 


7.5 


2.0 - 2.1 


392.4 


4.2 


558.8 


6.1 


951.2 


10.3 


2.5 - 2.9 


449.2 


4.9 


553.3 


6.0 


1,002.6 


10.9 


3.0 - 3.4 


300.7 


3.3 


309.0 


3.3 


609.7 


6.6 


3.5 - 3.9 


174.7 


1.9 


165.2 


1.8 


339.9 


3.7 


4.0 - 4.9 


273.2 


3.0 


194.8 


2.1 


468.0 


5.1 


5.0 - 5.9 


158.1 


1.7 


86.3 


1.0 


244.4 


2.7 


6.0 and Over 


334.9 


3.6 


101.1 


1.1 


436.0 


4.7 


All Densities 


3,124.2 


34.0 


6,069.6 


66.0 


9,193.8 


100.0 


Number and Peroen 
Higl 


of Dwellings on the Surfaced and Unsi 
ways Classified by Dwelling Density Gi 


irfaoed Ruj 
oups 


-al Town 


Dwelling Density 
Number Per Uile 


Surfaced 


Unsurfaced 


Total 1 


Number 


Percent 


Number 


Percent 


Nujnber 


Percent 


0.0 





0.0 





0.0 





0.0 


0.1 - 0.4 





0.0 


6 


0.0 


6 


0.0 


0.5 - 0.9 


82 


0.4 


165 


0.9 


247 


1.3 


1.0 - 1.4 


280 


1.5 


603 


3.2 


883 


4.7 


1.5 - 1.9 


520 


2.8 


625 


3.3 


1,145 


6.1 


2.0 - 2.4 


667 


4.6 


1,175 


6.3 


2,042 


10,9 


2.5 - 2.9 


1,197 


6.4 


1,442 


7.7 


2,639 


14.1 


3.0 - 3.4 


945 


5.0 


1,048 


5.6 


1,993 


10.6 


3.5 - 3.9 


643 


3.4 


600 


3.2 


1,243 


6.6 


4.0 - 4.9 


1,148 


6.1 


805 


4.3 


1,953 


10.4 


5.0 - 5.9 


822 


4.4 


450 


2.4 


1,272 


6.8 


6.0 and Over 


4,301 


22.9 


1,043 


5.6 


5,344 


28.5 


All Densities 


10,805 


57.5 


7,962 


42.5 


18,767 


100.0 



confined to this mileage, 77.0 percent of the rural dwell- 
ings on town roads would have been directly served by 
surfaced roads compared to the 5 7.5 percent now served, 
though the total mileage of surfaced roads would have 
been no greater than that actually existing. (See 
Figure 9.) 

If surfacing had been confined strictly to the most 
densely populated roads (those with a dwelling density 
of 2.5 or more per mile), 1,433.4 miles of road now 
surfaced would have remained unsurfaced, and another 
1,409.7 miles now unsurfaced would have been sur- 
faced. Surfaced town roads having a dwelling density 
of less than 2.5 per mile constitute 15.6 percent of the 
total rural town mileage and serve only 9.3 percent of 
the dwellings on rural town roads. In contrast, unsur- 
faced roads having a dwelling density of 2.5 or more per 
mile constitute 15,3 percent of the total rural town 
mileage and serve 28.8 percent of the dwellings on rural 
town roads. (See Figure 10.) 



FIGURE 10, 

COMPARISON OF SURFACED AND UNSURFACED TOWN MILEAGE 

WITH PERCENTS OF DWELLINGS SERVED BY EACH 

FOR ROADS HAVING DWELLING DENSITIES OF 2.5 OR MORE PER MILE 

AND LESS THAN 2,5 PER MILE 



D 
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It is realized that there are considerations which often 
make it impractical to be governed solely by dwelling 
density in planning to surface a road. There are many 
miles of natural soil town roads which offer as good 
service as many of the surfaced roads. It is quite often 
necessary to surface or otherwise improve a low dwelling 
density section of road to connect a high density section 
with another surfaced road. However, the mileage 
affected by these conditions is relatively small in com- 
parison with the mileage cited above. 

The comparison made is on a State-wide basis and 
does not allow for the fact that some towns can afford 
to surface roads of lower dwelling densities than others. 
However, the study was made by towns, and incon- 
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sistencies were found within a town comparable to those 
found for the State as a whole. It is obvious that 
the money spent on the surfacing of town roads 
would have resulted in serving directly a much 
larger proportion of the rural population if the 
mileage to have been surfaced had been selected 
m such a way as to serve the maximum number 
of dwellings. Since State funds are used for the 
development of town roads, the proper selection 



of roads to be improved is a matter of State-wide 
concern. 

State funds should be used, first, for new con- 
struction such as grading, drainage, and widening 
and replacing natural soil surfaces with gravel 
surfaces or better, and second, for the recon- 
struction of existing improvements. Mainte- 
nance should be paid for entirely from town 
funds. 



ADDITIONS AND DELETIONS 



An analysis of traffic on the rural State Sys- 
tem, rural State-aid System, and rural Town 
System indicates that the service of a few sec- 
tions of highway is not in keeping with the service 
which should be rendered by each system as a 
whole. 

State Highways generally serve through traffic, State- 
aid roads are generally feeder roads or minor connecting 
links, and town roads are purely local in nature. The 
traffic volume generally varies in accordance with these 
functions, State Highways being the most heavily 
traveled, and town roads the least heavily travelled, 
though traffic volume alone is not a conclusive guide in 
determining on what system a given road should be. 
This analysis is based on a study of road mileage in 
relation to traffic volume, with further consideration to 
type of service rendered. The traffic volumes used were 
counted during 1937. 

State and State-aid Systems 

The following tabulations are presented to show the 
mileage of low volume State Highways and the mileage 
of high volume State-aid Highways. 

State-aid Highways Car- 
rying a Certain Traffic 
Volume or More 

A verage daily 
Traffic Volume 

in Vehicles Mileage 

722.0 

541.9 
, 461.7 



State Highways Carrying 

Less Than Certain Traffic 

Volumes 



Ai'erage Daily 
Traffic Volume 
in Vehicles Mileage 

100 15.9 100 

125 69.6 125 

150 101.0 150 



175 178.2 175 329.8 

200 226.5 200 259.8 



225 336.2 225 184.6 

250 377.7 250 145.5 

275 474.8 275 121.5 

300 489.6 300 104.1 

The mileage of State Highways carrying less than 22 5 
vehicles per day is greater than the mileage of State-aid 



roads carrying more than this volume, indicating that 
at some traffic volume between 200 and 22 5 vehicles 
the mileage of the State Highways carrying less than 
that traffic volume is equal to the State-aid mileage 
carrying more than that traffic volume. 

If it were practical to have a balanced system with 
no overlapping of traffic volumes, then approximately 
227 miles of the State Highways carrying less than 200 
vehicles per day should be removed from the State Sys- 
tem and approximately 2 59 miles of the State-aid 
Highways carrying over 200 vehicles per day should 
be added to the State System. However, it would be 
neither economical nor practical to make such a change 
in all instances, as there are a considerable number of 
short sections of road carrying over 200 vehicles per 
day where the traffic is of local origin and destination. 
In addition to this, some of those sections do not con- 
nect with the main network of trunk line highways, 
nor do they perform the service of a through route. 
On the other hand, there are many miles of State High- 
ways carrying less than 200 vehicles per day which form 
intercounty connections and which serve a large per- 
centage of through traffic. 

While it is not practicable to set traffic volume 
limits for establishing State Highways or State- 
aid Highways, this comparison does indicate 
those sections of State-aid Highways which are 
serving traffic volumes comparable to State 
Highways and which perhaps should be given 
some consideration as possible additions to the 
State System. It also indicates those sections of 
State Highways which are serving traffic 
volumes considerably less than volumes usually 
served by State Highways, and would be admin- 
istered adequately as State-aid Highways. 

In the preceding tabulation, 226.5 miles of State 
Highways are shown carrying less than 200 vehicles per 
day. The average daily traffic on this mileage is 140 
vehicles. This average is •significant only as it indicates 
those sections carrying the lowest volumes of traffic. 
Listed as follows are 100.6 miles of these State High- 
ways carrying less than this average: 
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Route ■^''"S'^-' 

Number Location Miles 

Vt. 30 Rawsonville to the intersection 

with Vt. 11 in >X'inhall 9.3 

Vt. 102 Guildhall to Lemington 28.8 

Vt. 108 Through Smuggler's Notch 10.0 

Vt. 113 In the Town of Vershire 2.5 

Vt. 114 Island Pond to Norton Mills . 15.4 

Vt. 118 Eden to Montgomery 10.8 

Vt. 19 Bridport Village to Jet., Vt. 17 7.1 

Vt. 104-A In the Town of Fairfax 4.7 

Vt. 2-A Isle La Motte Station to Toll 

Bridge 2.9 

Brookfield State Highway 3.1 

Vt. F-9 Junction Route 30-A to West 

Cornwall 6.0 

Total All Sections 1 00.6 

A study of the individual sections shows that in some 
cases it is advantageous to maintain these as State High- 
ways since they constitute through routes. In general, 
these are sections passing through sparsely settled areas 
where the volume of strictly local traffic is lower than 
is normally found on the State System, while the through 
traffic remains at the same level as on adjacent sections. 

Therefore, it may be concluded that although 
the traffic volume is low on certain sections of 
the State System, in some cases their inclusion 
in the State System is justified for other reasons. 

The last four sections listed above have more 
of the functions of State-aid roads and could be 
adequately administered as such. It is suggested 
that these routes be considered for deletion from 
the State System. Route 104-A carries 130 
vehicles per day and at the present time prima- 
rily serves as a connecting link between Route 
U. S. 7 and Route 104. It cannot be considered 
as a through route. Route 2-A is serving only 
110 vehicles per day and the traffic is almost 
entirely local. The traffic on the Brookfield 
route is only 75 vehicles per day and does not 
constitute through traffic. On Route F-9 there 
is no point where the average traffic is greater 
than 110 vehicles per day between the junction 
of Route 30-A and West Cornwall. The traffic 
bet\\een West Cornwall and Cornwall, a dis- 
tance of 1.8 miles, is somewhat more but this 
traffic and traffic over the entire route appears to 
be local in naure and could be served satisfac- 
torily by a State-aid road. It is suggested that 
this route be considered for deletion in its 
entirety. 

The average daily traffic on State-aid Highways car- 
rying 200 or more vehicles per day is 34 5. This is 
significant only as it indicates those sections which are 
the more important roads in this group. There are eight 
road sections constituting 43.9 miles of State-aid High- 
way's carrying more than this average. 



Investigations indicate, however, that most of these 
sections arc comparatively short. They are distinctly 
of the auxiliary type which connect small places with 
larger centers of population and are not used extensively 
by through traffic. They are local in nature and are ade- 
quately administered as State-aid Highways. 

On the basis of traffic volume and service to 
through traffic, however, there are three routes 
that could well be considered for addition to the 
State System. These are listed as follows: 









Average 








Traffic 








Volume 


Route 






(19^7) 


Number 


Location 


M//rj 


Vehicles 


Vt. 67-A 


Bennington to North 








Bennington 


3.4 


1,700 


Vt. 3 


Center Rutland to Pitts- 








ford Mills 


7.9 


600 


Vt. 11 


Chester to Springfield 


8.0 


400 



Other sections carrying over 345 vehicles per day are 
all of short length and it is believed to be impractical to 
even consider them for incorporation into the State 
System. In general, the highway traffic volume on these 
sections is almost entirely local. 

State-aid and Town Systems 

The study of traffic volumes on the State-aid System 
and the Town System has been made in a manner similar 
to the analysis between the traffic on the State Highway 
and State-aid Highway Systems. 

The following tabulation shows for various volumes 
of traffic the number of miles of the rural State-aid 
Highways having less than a certain traffic volume and 
the number of miles of rural Town Highways having 
more than a certain traffic volume. 

State-aid Hii^bways Car- Town Highuays Carry- 

ryiiig Less Than Certain ing a Certain Traffic 

Traffic Volumes Volume or More 

Aierage Daily Arerage Daily 

Traffic Volume Traffic Volume 

Vehicles Miles Vehicles Miles 

10 58 10 4,049 

2 ^ 344 21 1,348 

40 740 _40 740 

5 ~~ 998 ro 3 3^2 

100 1,768 100 70 

200 2,230 200 J 

300 2,386 300 1 

In the above tabulation there are approximately 740 
miles of State-aid Highway carrying less than 40 vehicles 
per day and about the same mileage of town roads carry- 
ing 40 vehicles per day or more. 

Since it would be Impracticable to consider for trans- 
fer all the State-aid Highways having traffic volumes 
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less than 40 vehicles per day and all town roads having 
traffic volumes of 40 vehicles per day or more, the 
more important sections only were considered. 

The average traffic volume on all State-aid Highways 
carrying less than 40 vehicles per day was found to be 
20 vehicles per day. There are approximately 130 
miles of State-aid roads carrying less than 20 
vehicles per day which are the least travelled 
State-aid Highways. This volume is significant only 
as it indicates the lowest volume State-aid Highways. 

The average traffic volume on town roads carrying 
more than 40 vehicles per day was found to be 5 5 vehi- 
cles per day. This volume is significant only as it in- 
dicates the most heavily travelled sections. This mileage 
comprises over 120 separate road sections which range 
in length from 0.2 miles to over 3 miles and are too 
numerous to list in detail in this report. There are 
also approximately 130 miles of town highways 
carrying over 55 vehicles per day, which is the 
average traffic on all roads carrying over 40 
vehicles per day. 

In many towns there are State-.iid Highways carrying 
less than 20 vehicles per day and no town roads carrying 
5 5 or more vehicles per day. In many other towns there 
are no State-aid Highways carrying less than 20 vehicles 
per day and one or more town roads carrying 5 5 or more 
vehicles per day. These volumes are significant only as 



they indicate the more important town roads and the 
least important State-aid Highways when the two classes 
of roads are compared. It is evident that there have 
been some inconsistencies relative to traffic 
volumes in the selection of roads for develop- 
ment as State-aid Highways. 

Traffic volumes cannot be used in all cases to estab- 
lish definitely the need for selecting State-aid Highways 
or for reducing the mileage of State-aid Highways be- 
cause these highways according to law are selected as 
the most important roads in each town for the purpose 
of securing as far as possible trunk lines from town to 
town and as such are eligible to receive State-aid funds 
for construction and maintenance under State super- 
vision. To satisfy these conditions it is sometimes neces- 
sary to give first consideration to things other than 
traffic volume, but extremely high volumes on town 
roads and extremely low volumes on State-aid High- 
ways do indicate highway sections which should be 
studied to determine whether higher administrative con- 
trol is warranted or whether lower administrative con- 
trol would be adequate. 

Based on this study the State Highway Department 
has prepared a map on which are shown those State-aid 
Highways which should be transferred to the Town 
System and those Town Highways which should be 
included in the State-aid System. 



MAINTENANCE COSTS 



Maintenance on highways is necessary to pro- 
tect the original investment and to maintain the 
riding surface of the roads in such a condition 
that traffic will be adequately served. Factors 
which affect the annual cost of such maintenance 
include the volume of traffic using the highway, 
the speed of that traffic, the type of subgrade and 
surface of the road, the location of the road, and 
the availability of satisfactory local materials 
and labor. 

Similar maintenance outlays arc part of the cost of 
owning property for farming, industry, merchandising, 
and other types of business. Maintenance costs in- 
crease with age of the road as they do with other 
types of property. If necessary reconstruction 
is postponed because of lack of funds, the result- 
ing condition increases the necessary routine 
maintenance and this in turn decreases the 
amount of construction funds available. 

At the present time State Highway Maintenance 
expenditures in Vermont amount to approximately one- 
quarter of the total expense involved in operatmg the 
State Highways. These costs are detailed in the Bien- 
nial Reports of the Department. The principal items 
included under maintenance are patrol work, winter 
maintenance, resurfacing, surface treatment, and extra 
and special maintenance. 



It was pointed out in the Preliminary Report of the 
Planning Survey that maintenance costs were increased 
tremendously by the transfer of 724 miles of State-aid 
road to the State System in 193 5. This mileage re- 
quired relatively higher maintenance expenditures than 
other parts of the State System. No additional con- 
struction appropriation was made at the time, and con- 
sequently the amount available for State Highway 
betterments other than maintenance was reduced. 

Winter maintenance costs have increased. The public 
demands more and more open roads throughout the 
winter and as a result plowing and sanding costs have 
increased. These of course vary somewhat with the 
severity of the winter. 

Other maintenance costs tend to increase as existing 
pavements become older and require more attention. 
Experience throughout the country has proved that to 
postpone maintenance is expensive, as the temporary 
reductions in expenditures are more than offset by later 
necessary increases in expenditures. A certain minimum 
amount of work must be done each year to maintain a 
satisfactory condition. Postponement does not reduce 
the average annual cost over a period of years and 
actually increases it slightly. In addition, postponed 
maintenance increases the cost to the public of operating 
vehicles. 



51 



NEEDED HIGHWAY IMPROVEMENTS IN VERMONT— 1941-1950 



FIGURE II. 

RELATION BETWEEN MAINTENANCE COST PER MILE 

AND AVERAGE DAILY TRAFFIC VOLUMES 

FOR DIFFERENT TYPES OF SURFACES 
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An analysis has been made of the maintenance costs 
of a few road sections in Vermont over the past five 
years, and this analysis compares the average annual 
maintenance costs for five predominating surface types 
with the average daily traffic on these types. (See 
Figure 11, page 5 2.) 

It has been pointed out previously (page 28) that 
there were 371.)^ miles of gravel roads carrying over 
200 vehicles per day which should be improved to an 
intermediate type of pavement within the next ten years. 
Within the limits of Vermont experience, it has been 
indicated that the average annual maintenance cost 
of gravel roads carrying more than 200 to as much as 
600 vehicles per day is $450 per mile. The average 
annual maintenance cost of a gravel mixed-in-place 
surface for the same traffic volume range is about $310 
per mile. By the improvement of this mileage to inter- 
mediate type surfacing, it is estimated that mainte- 
nance could be reduced about $46,000 per year. 

It was also pointed out that 137.1 miles of existing 
surface-treated gravel roads are constructed on what is 
now recognized to be inferior base and that high main- 
tenance costs result from this condition. By reconstruc- 
tion to at least a gravel mixed-in-place surface, it should 
be possible to save from $110 to $130 a mile per year in 
maintenance costs, depending upon the volume of traffic. 
It is estimated that this saving would be about $19,000 
per year. 

The replacement of obsolete surfaces with higher type 
pavements will also result in decreased maintenance 
costs. A change, upon retirement, from lower type to 
higher type surfaces would, of course, involve larger 

' Approximately 42 miles already programmed. 



immediate construction expenditure outlays, but it would 
have the effect of reducing the mileages of lower type 
surfaces to be retired in later years. There would be 
progressively less of this low type surfacing in existence 
each year in the future and hence less annual mainte- 
nance expenditures. 

It was apparent in making the analysis of maintenance 
costs of various surface types, according to the volume 
of traffic carried, that the base upon which the analysis 
was made is not wide enough to yield estimates through- 
out all ranges in traffic volumes. The limited number of 
sections used in the analysis are the only ones for which 
data on traffic and costs were readily comparable. In 
spite of these limitations, the trend observed in this 
analysis is significant and indicates the desirability of 
developing records so that maintenance cost classifica- 
tions can be analyzed according to roadway surface 
types and traffic volumes for particular road sections. 
The development of such records would make it possi- 
ble to plan a program of highway improvement, in rela- 
tion to traffic volume and resulting maintenance costs, 
more accurately than can now be done. 

In general, maintenance costs tend to increase 
as the traffic increases. When such costs are 
relatively high on any road surface, that surface 
should be replaced by a higher type if an appre- 
ciable savings can be eflfected. But changes from 
lower to higher type surfaces should be com- 
mensurate with such construction outlay as may 
be feasible with regard to the usage of the road 
improved. 
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ROAD LIFE 



Experience in Vermont and throughout the 
country has definitely proved that there is no 
such thing as a permanent road surface. Con- 
stant use, together with frost action, over a 
period of years, causes the surface to break up, 
crack or disintegrate. In order to determine the 
.iverage service life, rate of retirement and annual cost 
ot each type of roadway improvement, it is necessary 
to study records over a period of years. Such an analysis 
constitutes a Road Life Study. 

The tabulation below shows 32.5 miles which have 
been retired, or replaced with the same or a different 
type of surface. Not all of this mileage was retired 
because of surface type failures. New surfaces were 
necessary because of relocations. Up to January 1, 1940, 
44 miles of concrete had been surface treated. The 
mileage necessary to be treated and resurfaced 
is expected to increase yearly. Until worn out 
concrete pavements are replaced with new pave- 



ments, maintenance costs will have a tendency to 
increase. 

Records compiled by the Public Roads Ad- 
ministration indicate that the normal improve- 
ment programs followed in most States involve 
considerable more retirements, in proportion to 
the mileage, than has been evident in Vermont. 
However, funds have only been available in 
amounts sufficient for initial construction im- 
provements and have not as yet been sufficient 
to resurface and reconstruct all out-moded types 
consistent with changes in traffic, speed and 
standards. 

Because of the small mileage of surfaces retired in 
Vermont no attempt has been made to forecast future 
retirements from Vermont experience. As retirements 
are made by reconstruction the amount of information 
available for analysis will increase and will more accu- 
rately portray Vermont conditions than is possible at 
the present time. 



Mileage of Superior to Gravel State Highways Which Have Been Retired in Vermont as of 

January 1, 1940 

Surface Type 
Replaced Type Replacement Type 

Surface Treated Gravel Concrete 6.4 

Surface Treated Gravel Gravel Mixed-in-Place 11,3 



Length in 
Miles 



Sub-total 



17.7 



Gravel Mixed-in-Place Concrete 5.5 

Gravel Mixed-in-Place Gravel Mixed-in-Place 0.4 



Sub-total 
Macadam Penetration 
Sub-total 



. Concrete 



5.1 



5.9 



5.1 



Concrete Surface Treated Gravel I.3 

Concrete Bituminous Surface on Concrete 1.1 

Concrete Concrete I.4 



Sub-total 



3.8 



Total 



32.5 
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PART 2 



HIGHWAY FINANCES 



HIGHWAY REVENUES 



Planning for the development and mainte- 
nance of adequate highway facilities requires 
not only a thorough study of the growth of high- 
way traffic, but also the resulting revenues and 
receipts so that reasonable forecasts of future 
revenues to support necessary highway pro- 
grams may be determined. 

The funds available for highway purposes in 
Vermont come from the following sources : 

1. Town Assessments. 

2. Federal-aid. 

3. Registration Fees. 

4. Motor Fuel Taxes. 



For the fiscal year ending June 3 0, 1940, the receipts 
from this source amounted to $223,769. 

Federal-aid 

Federal-aid funds first became available "in 1917 and 
have been made available annually since that time for 
the construction of roads and bridges vidth State match- 
ing funds. Additional Federal funds are also available 
as a direct grant, without State matching funds, for 
grade crossing elimination and protection improvement 
and can be used on any highway system. During the 
period 1932-1938, when economic conditions through- 



The construction of Vermont highways generally has 
been based on the "pay-as-you-go" principle. With but 
two exceptions, no construction of State Highways has 
been financed by borrowing: 

1. Of "the $8,446,736 Flood Bonds issue of 1927, 
$8,027,946, or 95 percent, was used for highway and 
bridge construction; 

2. An increase in the highway debt for the fiscal 
year ending June 30, 1940, of $1,675,000 all of which 
resulted from reconstruction made necessary byjhe 193 8 
flood and hurricane. 

The major portion of the Vermont highway revenues 
comes from registration fees and motor fuel taxes. (The 
details of the amounts of the funds collected from these 
various sources for the various years are shown in Table 
21 and in Figure 12.) Previously in this report, a fore- 
cast was made of vehicle registrations, licensed motor 
vehicle operators, and motor fuel consumption. On 
the basis of these estimates, it is possible to forecast the 
probable future revenue if there is no diversion of motor 
vehicle receipts, and the present rates of taxation are 
maintained. 

Town Assessments 

Since 1931, a tax has been collected from each town 
based on the mileage of State Highways in that town. 
The funds derived from this source are small and are 
subject to little or no fluctuation, being based on the 
State Highway mileage and the grand list of each town, 
not to exceed $300 per mile or $5,000 per town or 20 
cents on the dollar of the grand list of any one town. 



TABLE 21. 
HICSiHAT RErVENUKS AMD RECEIPTS /I HIOTORIC TO 1940, IfORECAST TO 1950 





Heglstratlon 


Motor FU8l 


Federal Aid 


Town 




Year 


Fees 


Tar 


Receipts /2 


Asseasmant 


Total 


Historic 












1906 


$ 3,399 


_ 


_ 


. 


$ 3,399 


1907 


2,646 


- 


_ 


. 


2,646 


1906 


4,713 


- 


- 


- 


4,713 


1909 


15,730 


- 


- 


_ 


15,730 


1910 


40,984 


- 


- 


- 


40,964 


19U 


56,609 


- 


_ 


_ 


56,609 


1912 


75,602 


_ 


_ 


_ 


75,602 


1913 


102,921 


- 


- 


- 


102,921 


1914 


140,088 


_ 


_ 


_ 


140,088 


1915 


179,092 


- 


- 


_ 


179,092 


1916 


266,531 


- 


_"" 


_ 


266,531 


- 1917 


364,510 


- 


- 


> 


364,510 


191fl 


431,463 


. 


% 30,650 


_ 


462,113 


1919 


436,783 


- 


77,588 


_ 


514,371 


19E0 


545,916 


. 


76,607 


_ 


622,523 


1921 


663,989 


- 


129,632 


. 


793,621 


19E2 


750,951 


- 


360,700 


_ 


1,131,651 


1923 


697,074 


$ 9,064 


303 ,490 


_ 


1,209,628 


1924 


1,331,457 


215,878 


314,895 


- 


1,862,230 


1925 


1,464,236 


291,284 


563,080 


_ 


2,338,600 


1926 


1,658,078 


507 ,864 


4U.430 


_ 


2.577,372 


1927 


1.877.634 


612,366 


629,049 


_ 


3,119,049 


1928 


2,034,334 


971,963 


694,118 


. 


3,700,435 


1929 


2,341,116 


1,157,155 


409 , 628 


_ 


3,907,899 


1930 


2,446,635 


1,674,927 


366,621 


. 


4,688,363 


1931 


2,356,804 


1,834,735 


606,159 


$152,913 


5,152,611 


1932 


2,234,799 


2,072,556 


674,544 


154,058 


5,335,957 


1933 


2,018,262 


1,862,852 


773,503 


161.796 


4.816,413 


1934 


2,164,946 


1.704,751 


876.643 


157.912 


4,926,254 


1935 


2,264,610 


1,970,976 


1,441,956 


154,562 


5,832,104 


1936 


2,231,204 


2,161,019 


1,440,362 


226,481 


6,059,066 


1937 


2,413,362 


2,356,089 


1,322.354 


222,569 


6,314,394 


1938 


2,414,770 


2,601,487 


1,532,659 


223,509 


6.762,425 


1939 


2,468,527 


2,565,452 


1,216,420 


222,612 


6.473,011 


1940 


2,599,273 


2,702,630 


774,290 


223,7 69 


6,299,962 


Foreoast 












1941 


2,532,000 


2,852,000 


760,000 


223,000 


6.387,000 


1942 


2,563,000 


2,923,000 


670,000 


223,000 


6,399,000 


1943 


2,619,000 


2,984,000 


670,000 


223,000 


6.496,000 


1944 


2,652,000 


3,035,000 


600,000 


223,000 


6,510,000 


1945 


2,681,000 


3,079,000 


600 , 000 


223,000 


6,583,000 


1946 


2,709,000 


3,117,000 


600,000 


223,000 


6,649,000 


1947 


2,733,000 


3,150,000 


600,006 


223,000 


6,706,000 


1948 


2,758,000 


3,181,000 


600,000 


223,000 


6,762,000 


1949 


2,781,000 


3,209,000 


600,000 


223,000 


6,813,000 


1950 


2,800,000 


3,234.000 


600,000 


2:^3,000 


6,857,000 



1/ Fleoal year ending Juno 30, oomplled from Treasurer's Report. 

2/ Federal-aid amounts include: fron 1932 to 1936, Inclusive, 1927 Flood 

Federal-aid; from 1932 to 1935, Emergency Federal-aid; and from 1936 on. 

Fedoral-ald Secondary and Grade Croaalng Funds. 
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FIGURE 12 

HIGHWAY REVENUES AND RECEIPTS IN VERMONT 
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out the country were poor, special Federal emergency 
appropriations in addition to regular Federal-aid were 
made available to the States as grants for highway con- 
struction. The amount of Federal-aid funds available 
annually is not fixed. The future availability of these 
funds depends entirely upon Congressional action. It 
cannot safely be presumed that they will be maintained 
at the level immediately preceding 193 8, when large 
emergency appropriations were available. It is reason- 
able to estimate, however, what may be expected under 
normal economic conditions. Appropriations for 1940 
and 1941 were reduced from those for 193 8 and 1939, 



and present indications point to approximately a 14 
percent reduction in 1942 and 1943 appropriations from 
the 1940 amounts. 

Registration Fees 

Income from registration fees includes that from the 
licensing of motor vehicles as well as the licensing of 
motor vehicle operators. The revenue obtained prior to 
1910 was relatively small and came from motor vehicles 
only. Motor vehicle operators were licensed first in 
1915. 



55 



NEEDED HIGHWAY IMPROVEMENTS IN VERMONT— 1941-1950 



A study of these figures indicates that the number of 
motor vehicle registrations may be expected to increase 
relatively slovifly within the next few years. Population 
in Vermont showed a very slight increase in 1930 over 
1920, and the 1940 census shows a slight decrease (380 
persons) from the 1930 figure. 

In comparing car ownership and the number of car 
operators in Vermont with other States and with the 
country as a whole, it is significant to note that Ver- 
mont's ownership of motor vehicles is slightly greater in 
proportion to the population than for the country as a 
whole. But in many States the number of vehicles in 
relation to the population is much greater than in Ver- 
mont, and if this trend is extended to Vermont at even 
a considerably reduced rate, a slight increase in regis- 
trations may be expected in car ownership. This trend 
may, of course, be accentuated if economic conditions 
improve to any appreciable extent. From the trend 
in motor vehicle registration and licensed motor vehicle 
operators (see Figure 1, page 14) it appears that the con- 
dition of proportional car ownership in Vermont is rela- 
tively stable. 

The revenues from registration and license fees de- 
creased in the four-year period 1930-1933. Since this 
period these revenues have increased and in 1940 slightly 
exceeded those received in 1930, the previous peak year. 

Motor Fuel Taxes 

The amount of motor fuel consumed is more directly 
a measure of travel and usage' of roads than is registra- 
tion of motor vehicles or the licensing of motor vehicle 
operators. Since 1923, a considerable portion of the 
revenue for Vermont highways has been collected in the 
form of a tax on motor fuel sold. This was initiated at 
a rate of Ic a gallon in 1923, increased to 2c a gallon 
in 1925, to 3c a gallon in 1927, and to 4c a gallon, the 
present rate, in 1929. Even with this increase in tax, 
there has been a distinct increase in the consumpton of 
motor fuel except during the period 1932-34. Con- 
sumption since these years has continued upward, though 
at a slightly reduced rate. (See Figure 3, page 16.) 



This increased consumption is caused by the increase 
in the number of vehicles operated and the increase in the 
travel of each vehicle registered. Though some of this 
latter increase is undoubtedly caused by the increase 
in travel by out-of-State vehicles in Vermont, more 
Vermont-owned cars are being operated each year and 
the people who own them arc driving more miles each 
year. Increased attention to winter maintenance of the 
highways undoubtedly has also been an important con- 
tributing factor. Based on the charted trends (see 
Figures 1 and 4 on pages 14 and 17 respectively), it is 
reasonable to expect continued increased annual travel 
and a corresponding increase in motor fuel consumption 
by motor vehicle owners although this increase may 
occur at a slower rate than in the past. 

Highway Revenues and Receipts 

Highway revenues have increased from less than 
$25,000 per year m 1909, to $514,371 in 1919, 
$3,907,899 in 1929, and $6,473,011 in 1939. On the 
basis of this increase (see Figure 12, page 55), it may 
be estimated that if current tax rates remained unchanged 
and receipts from Federal-aid are as shown in Table 21, 
these several sources of revenue will produce $6,857,000 
per year by 19 50. 

The forecasting of the amount of revenue that 
may reasonably be expected from road-users 
in future years is important in the scheduling of 
the State's road program. The building of high- 
ways today must be based upon economic prin- 
ciples common to every sound business. If a 
long range program can be drawn up and fol- 
lowed regularly, it will be possible for the high- 
way engineer to build highways efficiently and 
economically. But if the highway engineer must 
plan his program from year to year because of 
a lack of assurance of future revenue, it will be 
difficult to integrate a State-wide program of 
construction and reconstruction. The assurance 
of revenues must be established to permit this 
long range planning. 



USE OF HIGHWAY REVENUES 



There are four general purposes for which 
highway revenues have been authorized. (See 
Table 22, page 57.) 

1. Administration of Motor Vehicle Depart- 

ment. 

2. Payment of 1927 Flood Bonds, principal 

and interest. 

3. Payment of 1938 Storm Notes, principal 

and interest. 

4. Highway construction and maintenance. 

From the estimate of future revenues made previously, 
it is possible to dctermme the funds which may be rea- 



sonably expected for highway u.se each year after 
allotting the funds necessary for the operation of the 
Motor Vehicle Department and the annual payment of 
principal and interest on the Flood Bonds and Storm 
Notes. This has been shown for the years 1940-5 
inclusive. (See Table 22, page 57.) 

Previous to 1931, the money for the administration 
of the Motor Vehicle Department was taken from the 
General Funds of the State. Louring that year it was 
appropriated from the Motor Vehicle receipts. At that 
time this amounted to $130,319. In general, the cost 
of administering the Motor Vehicle Department is 
proportion.il to the revenues collected. Since 1930, the 
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Motor Vehicle Department expenses have increased from 
$131,670 to approximately $191,000 in 1940, an in- 
crease of about 45 percent. An amount of $250,000 
is estimated for the year 1950, an increase of about 3 
percent. This increase is based on the proportional in- 
crease in total estimated revenue. 

TABLE 28. 
DSE OP HKBV/AI REVENUES /I HISTORIC TO 1940, FORECAST TO 1950 





Administration 


Principal and Interest 






Tear 


of Motor VehlclB 
Departnant 


Flood Bonds 


HlgtwayQ 


Total /2 


1927 


1938 


Hlatortc 












1930 


$131,670 


1694,831 


- 


13,861.882 


$4,668,383 


1931 


130,319 


728,169 


- 


4,294,123 


5,152,611 


1932 


124.741 


711,481 


_ 


4,499,738 


5,335,957 


1933 


125,367 


695,769 


_ 


3,995,277 


4,816,413 


1934 


110,407 


743,225 


_ 


4,072,622 


4,926,254 


1935 


110,000 


655,094 


_ 


5,066,010 


5,832,104 


1936 


146 ,000 


540,156 


_ 


5,272,910 


6,059.066 


1937 


146,000 


624,219 




5.544,175 


6,314,394 


1938 


198,000 


608,281 




5,956,144 


6,762,425 


1939 


178,000 


692,344 


- 


5,602.667 


6,473.011 


1940 


191,000 


576,000 


^401, 000 


5,131.962 


6,299,962 


Fore cast 












1941 


198,000 


550,000 


409,000 


5,320,000 


6,387,000 


1942 


204,000 


545,000 


479 ,000 


5,171,000 


6,399,000 


1943 


209 ,000 


529,000 


476,000 


5,282,000 


6,496,000 


1944 


214,000 


513,000 


474,000 


5,309,000 


6,510.000 


1945 


220,000 


497 ,000 


291,000 


5,575,000 


6,583,000 


1946 


225,000 


481,000 


- 


5,942,000 


6,649,000 


1947 


233,000 


465.000 


- 


6,008.000 


6,706,000 


1948 


239,000 


449,000 


- 


6,074,000 


6,762,000 


1949 


245,000 


433,000 


- 


6,135,000 


5,813,000 


1950 


250,000 


- 


- 


6,607,000 


6,857,000 



\J Fiscal year ending Juna 30. 

2/ Differenoes in Grand Totals between Tablss 22 i 
are due to unexpended balances. 



In 1945, the last payment of $291,000 will be made 
on the 193 8 Storm Notes and will make available ap- 
proximately $470,000 more for highways during 1946 
than was available in 1944. Principal and interest pay- 
ments on the 1927 Flood Bonds are gradually decreasing. 
The last payment, to be made in 1949, amounts to 



$43 3,000. The final payments of each of these 
notes will release funds that are greatly needed 
if our highways are to be brought up to the 
standards required by present day traffic and the 
increased traffic which it is estimated will be 
using our highways by 1950. 

Previous to 193 3, both the principal and interest 
payments were appropriated from the General Funds of 
the State. The payment of these notes and bonds and 
the payment of the Administration of the A4otor Vehicle 
Department from Motor Vehicle Revenues has made 
available more funds for general use and at the same 
time it has been possible to decrease general taxation 
somewhat. 

The transfer of supervision and engineering highway 
accounts from the General Funds to Motor Vehicle 
Receipts, amounting to $130,000 in 1927 the year 
transferred, and the elimination of the 5 percent tax on 
the Grand List amounting to approximately $150,000 
are two other changes made. These changes totaling 
$1,081,000 between 1927 and 1935 shifted the burden 
of some of the highway financing from local taxation to 
the Motor Vehicle receipts and revenues. 

The addition of 724 miles in 193 5 to the State System 
relieved the towns of considerable expense and increased 
the mileage of State Highways which were below stand- 
ard. The mileage of State Highway which the 
State can construct and maintain at a standard 
which will serve modern traffic adequately is 
limited by the funds available. The increase in 
the mileage of the State Highway System and the 
decrease in the funds available for highway use 
from Motor Vehicle receipts due to the above 
mentioned changes has retarded the necessary 
development of the State System of Highways. 



VEHICLE-MILE EXPENDITURES 



On the basis of 1937 traffic it is estimated that ap- 
proximately 673 million vehicle-miles are travelled an- 
nually on Vermont highways. The following tabulation 
shows the State appropriations, vehicle-miles and cents 
per vehicle-mile. 



Syste>n 

State 

State-aid 
Town 


Appropriations 
(1940) 

$2,240,000 

850,000 
750,000 


Vehicle-miles 
per year 

485,345,000 
93,110,000 
95,234,000 


Cents per 
ichicle-inile 

46 '100 cents 
91/100 cents 
79/100 cents 










$3,840,000' 


673,689,000 


57/100 cents 



Thus it can be seen that although travel on the 
State System amounted to nearly 500 million 
vehicle-miles or approximately five times the 
travel on either the State-aid or Town Systems, 

' Includes only stale appropriations and not those of other units 
of goN'ernment. 



less than one-half of a cent per vehicle-mile was 
appropriated for State Highways in comparison 
to nine-tenths of a cent for the State-aid System 
and approximately eight-tenths of a cent for the 
Town System. 

If the State appropriation of $2,240,000 for State 
Highways is increased by $780,000 in Federal-aid the 
distribution is more evenly balanced. This makes a total 
of $3,020,000 for the State System or approximately 
sixty-two-hundredths of a cent per vehicle mile as com- 
pared with forty-six-hundredths of a cent in the above 
tabulation. 

In some States highway funds have been allotted on 
a vehicle-mile basis. The following tabulation shows 
how highway funds, including Federal-aid, would be 
distributed among the three highway systems in Vermont 
on a vehicle-mile basis: 
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Cents per 
System Amount Vcbicle-milc 

State $2,)48,385 

Federal-aid.. 780,000 69/100 cents 

Total $3,328,385 

State-aid 638,525 69 TOO cents 

Town 653,090 69 100 cents 

Total $4,620,000 

Thus, the distribution of State funds according 
to travel would amount to nearly seven-tenths of 
a cent per vehicle-mile on each highway system. 

Distributing highway funds in this manner would mean 
an addition of approximately $300,000 on the State 
System, a reduction of about $200,000 on the State-aid 
System and a reduction of about $100,000 on the Town 



System. However, it is realized that the income from 
gasoline taxes resulting from heavier travel on State 
Highways will be used as a subsidy for State-aid and 
Town Highways, but sufficient funds must be allotted 
to maintain, reconstruct and resurface the higher volume 
State Highways in accordance with the traffic using them. 
A study of road use shows that on State High- 
ways rural residents contribute 52 percent of the 
travel and urban people 48 percent. On State- 
aid Highways rural people contribute 75 percent 
and urban people 25 percent. On city and village 
streets the rural people contribute 30 percent and 
the urban people 70 percent, and on rural Town 
Highways rural people contribute 86 percent and 
urban 14 percent. The rural dweller does ap- 
proximately 60 percent of his travelling on main 
highways and the urban dweller performs about 
56 percent of his travel on main highways. 



EXPENDITURES 



The total expenditures by the State for con- 
struction and maintenance on the State, State-aid 
and Town Systems during the past ten years 
amount to $53,824,271. The annual expenditures on 
the State System range from a low of $2,450,695 in 1934 
to a high of $4,482,291 in 1938; the average for the 
period being $3,426,529 spent each year. (See Table 
2 3.) The decrease in 1934 resulted from the decrease 
in both motor vehicle registration fees and motor fuel 
taxes. Increased Federal-aid receipts amounting to nearly 
a million and a half dollars, resulting from special emer- 
gency appropriations, accounts for the large expenditure 
in 193 6. On the whole, however, no well defined trend 
either upward or downward occurred between 1930 and 
1940. 

The estimated total available State revenue for 
highway purposes from all sources for the next 
ten-year period, from 1941 to 1950, amounts to 
$57,323,000. (See Table 23.) Over the entire 
period this amount is divided as follows: 
$7,750,000 for Town Highways, $10,075,000 for 
State-aid Highways and $1,805,000 for supervi- 
sion, engineering and office expense. This leaves 
a total of $37,693,000 for construction and main- 
tenance on the State System. The estimated amount 
available annually for this work from 1941 to 1950 in- 
clusive, is shown in column 11 m Table 24, page 59. 
This amount is subdivided into maintenance on the State 
System, column 10; construction on the Federal-aid 
System, column 6; construction on the Federal-aid 
Secondary System, column 7; and, construction on the 
Non-Federal-aid State System, column 8. 

An Increase in winter maintenance expenditures Is 
estimated for the next ten years. Winter maintenance 
has increased from $318,664 in 1936 to $477,068 in 
1 940, a total of $ 1 5 8,404 in four years. It is anticipated 



that additional winter maintenance will be demanded by 
the travelling public in the future and $677,000 is esti- 
mated by 1950, which Is an Increase of approximately 
$20,000 a year. This makes a total of $14,600,000 for 
maintenance during the ten-year period. 

This increase In winter maintenance will be offset to 
some extent by decreasing maintenance costs on low 
surface type highways that are improved to a higher 
type of surface; but, this in turn will be offset by higher 
maintenance costs on concrete highways where the life 
of the surface is gradually decreasing with the increase 
in age. As a result the total maintenance costs will show 
an increase. 

The total estimated funds available for road and bridge 
construction on the Federal-aid System amount to 
$13,541,000 and for road and bridge construction on 
the non-Federal-ald State System and the Federal-aid 
Secondary System $8,561,000. A reduction in Federal- 
aid from previous years, reductions in payments on the 
principal and interest of Flood Bonds and Storm Notes, 
together with estimated Increases in registration fees and 
motor fuel taxes, creates additional construction funds 
for non-Federal-ald State Highways. For the year 1950 
these funds are estimated at $1,031,000. (See Table 24, 
page 5 9.) Federal-aid grants for grade crossings, over- 
passes, and underpasses are estimated at $991,000 and can 
be used on any system. 

Expenditures by the State on State-aid Highways have 
remained between one and two million dollars, being 
slightly over two million in 1935, but averaging slightly 
over a million dollars from 1935 to 1939. (See Table 
23, page 5 9.) 

Expenditures by the State on Town Highways have 
increased from $311,202 in 1930 to $731,169 in 1939. 
These expenditures arc fixed by legislative act to 
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TABLE 23. 
STATE EXPKNDITURES ON THE HIGffl'fAY SYSTEMS (INCLUDES FEDERAL AID) /l 
HISTORIC TO 1940 - FORECAST TO 1950 





Supervision 


State Highvfay System 


State-aid System 


Town System 


Grand 




Engineering 


Construction and 


Construction and 


Construction and 


Total 


Year 


Office Expense 


Maintenance 


Maintenance /£ 


Maintenance /2 


/3 




Col. 1 


Col. 2 


Col. 3 


Col. 4 


Col, 5 


Historic 












1930 


/4 


% 3,104,389 


$ 1,904,264 


% 311,202 


% 5,319,855 


1931 


A 


4,040,190 


1,638,952 


305,923 


5,985,065 


1932 


/i 


3,771,174 


1,096,920 


473,008 


5,341,102 


1933 


T± 


3,064,733 


1,100,477 


498,682 


4,663,892 


1934 


% 114,159 


2,450,695 


1,441,911 


511,156 


4,517,920 


1935 


121,107 


2,676,195 


2,267,848 


534,639 


5,599,789 


1936 


142,140 


3,346,627 


1,142,367 


511,130 


5,142,264 


1937 


135,013 


3,873,269 


1,055,893 


492 ,409 


5,556,584 


1938 


142,652 


4,482,291 


1,115,739 


736,515 


6,477,197 


1939 


155,492 


3,627,104 


1,158,811 


731,169 


5,672,576 


1940 


152,794 


2,933,015 


1,047,092 


734,981 


4,867,882 


Forecast of Available Funds 


1941 


158,000 


3,462,000 


850,000 


750,000 


5,220,000 


1942 


163 ,000 


3,333,000 


925,000 


750,000 


5,171,000 


1943 


168,000 


3,414,000 


950,000 


750,000 


5,282,000 


1944 


173,000 


3,411,000 


975,000 


750,000 


5,309,000 


1945 


178,000 


3,647,000 


1,000,000 


750,000 


5,575,000 


1946 


183 ,000 


3,984,000 


1,025,000 


750,000 


5,942,000 


1947 


188 ,000 


4,020,000 


1,050,000 


750,000 


6,008,000 


1948 


193,000 


4,056,000 


1,075,000 


750,000 


6,074,000 


1949 


198,000 


4,087,000 


1,100,000 


750,000 


6,135,000 


1950 


203,000 


4,279,000 


1,125,000 


1,000,000 


6,607,000 


Totals 1941- 












1950 inclusive 


11,805,000 


©37,693,000 


110,075,000 


17,750,000 


$57,323,000 



1/ Fiscal year ending June 30; compiled from annual State Highway Report. 

2/ Does not include Town Contributions, 

3/ Difference in Grand Totals between Tables 22 and 23 are due to unexpended balances. 

Amounts compiled from Highway Departraent Records. 
4/ Amounts included under Construction and Uainteuance. 



E3TBU-TED AVAIL^iiLE RE'/EIJirL; Oil THE FEOERAI^alD Sio'i:T:MS fJO) UON-FEDEHjvL->,ID JT^iTE SYJTEM 







Federal-^ 


d F-juds 




tho 


e'3 3hHre on 
Federnl-aid 


Amount Available 
for Federf-l-^:id 


Amount Available 
for Federal-old 


A/.iount Available 
for iJon-Federal- 


Amount Available 




Total Available 




Rosds nnd 


Brldv?e£, 






Federal-lid 




Orade 


Federsl-^ld 


Jeoondarv 






Systeu 


Systen 


Seconder',' System 


aid System 


for ConstructioD 




for ConstructloE 


Year 


bro33irigs 


Systom 


System 


TotPl 


[Road 


s & arld^^e;^) 


(Roads & B^ld^-■.es 


(Roada i Brid£:6s) 


iRoaJs k drldRBs) 


(Roada & Bridcies) 


Uaintenonce 






(1) 


(2) 


i'l) 


(4) 

Cols.l-fH« 




(5) 


(6} 
Gol. C+5 


(7) 


(8) 


(9) 
Gols.H-647+e 


(10) 


(11) 
Col. 9410 


1941 


$ 97,000 


% 610,000 


% 73,000 


% 780,000 


% 


985,000 


% 1,595,000 


£ 146,000 


% 254,000 


% 2,092,000 


% 1,370,000 


% 3,462,000 


1942 


97,000 


488,000 


85,000 


670,000 




733,000 


1,221.000 


170,000 


455,000 


1,943,000 


1,390,000 


3,333,000 


1943 


97,000 


486,000 


65,000 


670,000 




751,000 


1,239,000 


170,000 


496.000 


2.004.000 


1,410,000 


3,414,000 


1944 


100,000 


415,000 


85,000 


600,000 




ei^7,000 


1,242,000 


I'^O.OOO 


469.000 


1,961,000 


1,430,000 


3,411,000 


1945 


100,000 


415.000 


85.000 


600, OOC 




085.000 


1,300.000 


170,000 


627 ,000 


2,197,000 


1.450,000 


3,647,000 


1946 


100,000 


415,000 


85,000 


600,000 




957 ,000 


1,372,000 


170,000 


872,000 


2.514,000 


1,470.000 


3.964,000 


1947 


100,000 


415,000 


85,000 


600,000 




962,000 


1,377,000 


170,000 


883 ,000 


2,530.000 


1,490,000 


4,020,000 


1948 


100,000 


415,000 


65,000 


600 ,000 




967,000 


l,3O2,UU0 


170,000 


894,000 


2,546.000 


1,510,000 


4,056,000 


1949 


100 ,000 


415,000 


85,000 


600,000 




970.000 


1.365,000 


170,000 


902.000 


2,557,000 


1,530,000 


4,087,000 


1950 


100,000 


415,000 


85,000 


600,000 


J 


,013,000 


1,428,000 


170.000 


1,031,000 


2,729,000 


1,550,000 


4,279,000 


Total 


?991,OO0 


$4,491,000 


8638.000 


£.6,320,000 


t;9 


,050,000 


513,543,000 


51,676.000 


$6,685,000 


$25,093,000 


$14,600,000 


537,693,000 



(1) 

(2) 
(3) 
(4} 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 



Grade crossing fiinds can be used on any system. 

Foderal-eld funds available for ronds and brldgea matchfld by the State. For total amount including State's share see Column 6. 

Federal-aid aecondsry funds available for roads and bridges matched by the Stf.te, available on non-Federal-«id state system and State-uld systei 

Estimated available Federal-aid funds. (Columns 1+2+3), 

State's ahare of regular Federal-eld funds plus additional State funds. For total estimated funds for Federal-aid system see Column 6, 

Federal-eld funds plus State's share of regular Fedoral-ald plus additional Stf.te funds. (Column 2 4 5). 

Amount available for Federal-aid secondary system. Column 3 plus State matching funds. 

Amount evailable for non-Federal-ald State system. This amount is supplemented by Federal-aid aecondary funds. 

Amount available for construction. (Colujnna 14 6 + 7* 8). 

Uaintenance. 

Total available for construction and maintenance on roada and bridfies and construction on .^rode crossings. (Columns 9 4 10). 
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Table 25 
Estimated Cost of Improving the Federal-aid System to Certain Standards 



Type of Proposed Jmprovenicnt Miles 

Roads 

H.irdsurfaclng gravel highways 5 5.0 

Reconstructing surface-treated gravel highways 124.7 

Replacing surface-treated gravel highways 45.8 

Reconstructing paved highways 142.8 

Replacement of macadam surface 11.3 

Widening roadbed to 32 feet and over 275.5 

Multiple lane construction 11.6 

Construction of Jay Mountain Highway^ 14.7 

Improvement of intersections 0.2 

Total for road improvement 681.6 

Bridges Numlh-r 

Reconstructing bridges 20-foot span and over 73 

Reconstructing bridges less than 20-foot span 17 

Improving bridges on road projects 36 

Total for bridge improvement 126 

Total for road and bridge improvement 

^ All-American Route between Troy and Richford. 



Estimated Cost 
of Improiements 

$1,449,200 

4,729,719 

845,900 

7,666,375 

429,800 

4,340,028 

749,500 

795,500 

37,5 5 



$2,469,500 

111,600 

96,300 



Total Cost 



f21,043,572 



$ 2,677,400 



$23,720,972 



$75 0,000 annually. The estimated available funds for 
improvement on Town Highways, during the forecast 
period, have been maintained at $7 5 0,000 through to 
1949. This amount has been increased to $1,000,000 in 
19 50 as it is estimated that increased travel will warrant 
the expenditure of additional funds by that time. 

Estimated Expenditures on the Federal-aid Sys- 
tem (1941-1950 inclusive) 



It is estimated that a total construction expend- 
iture of $23,720,972 would be necessary from 
1941 to 1950 to improve the Federal-aid roads 
and bridges to the standards previously set 
forth. This figure is subdivided as follows: 

Roads $21,043,572 

Bridges 2,677,400 

Total $23,720,972 

The expenditure of this money will improve these 
highways to standards that will serve traffic more ade- 
quately in the future. It will hardsurface 5 5.0 miles 
of gravel roads that will need surfacing by 19 50; recon- 
struct with a higher type of surface 124.7 miles of 
surface-treated gravel highways which at the present 
time have a high maintenance cost because of inferior 
base and drainage and replace with a higher type of sur- 
face 45.8 miles of surface-treated gravel which are 
inadequate for the volume of traffic carried, and recon- 
struct 142.8 miles of paved highways which have an 



alignment index of 1.7 and over. It will replace 11.3 
miles of macadam surface that was constructed on in- 
ferior base; widen the roadbed to 32 feet or more on 
275.5 miles of highways having an 18-foot surface; 
construct additional lanes on 11.6 miles of highway that 
are at present overcrowded; construct an All-American 
Route 14.7 miles in length between Troy and Richford 
over Jay Mountain; improve certain dangerous inter- 
sections, and reconstruct and/or widen 126 bridt;es. 
These proposed improvements are shown on Map 1 and 
the tables in the Appendix. The estimated cost of the 
above items is shown in Table 2 5. 

The total estimated funds available for this 
work on the Federal-aid System amount to 
$13,541,000, and the State lacks the required 
amount for the needed improvement by 
$10,179,972. 

Estimated Expenditures on the non-Federal-aid 
State System (1941-19 50 inclusive) 



The estimated cost of improving the non- 
Federal-aid State System to the determined 
standards amounts to $12,777,383. This figure is 
divided into the following items: 

Roads $12,165,783 

Bridges 611,600 

Total $12,777,383 
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The expenditure of this sum of money will make the 
following improvements; It will hardsurface 313.9 
miles of gravel roads that should be surfaced by 19 50; 
reconstruct 24.9 miles of surface-treated gravel that 
have high maintenance costs because of inferior base 
and drainage; reconstruct 4.9 miles of paved highways 
which were constructed on inferior foundations or 
which have an alignment index of 1.7 or more; improve 
one intersection; construct to present State Highway 
Standards 7.5 miles of State Highways, 56.7 miles of 
State-aid Highways and 11.8 miles of Town Highways 
on the Central Route, and reconstruct and/or widen 
140 bridges. The estimated cost of the above items is 
shown in Table 26. 

The total estimated funds available for this 
work on the non-Federal-aid State System 
amount to $8,561,000. The State lacks the neces- 
sary money to do this work by $4,216,383. 

Expenditures on the Entire State System (includ- 
ing Federal-aid State-aid Connecting Links) 

The total estimated expenditures necessary to 
make the needed improvements on roads and 
bridges on the Federal-aid System and non- 
Federal-aid State System during the next ten 
years amount to $36,498,355. It seems appropriate 
to point out here that the expenditure of this sum will 
not completely modernize the entire State System. Only 
such sections of highway as have a relatively high 
volume of traffic have been included. As regards curva- 



ture, sight distance, and grade, all road sections having 
an alignment index above zero are below the standards 
as set forth in this report, but only those having an 
alignment index of 1.7 and over have been included. 
Regarding bridges, only those having an index greater 
than the average have been included, with the exception 
of those included in road projects. There are also 60 
bridges whose roadway width is less than 24 feet that 
carry a traffic of 1,000 vehicles per day or more that 
have not been included. The intention has been to 
present a program that would include only such inade- 
quate portions of highways as prevent the free movement 
of traffic or which constitute dangerous hazards. 

State-aid Highway Expenditures 

For each of the years 1940 and 1941 the State appro- 
priated from its motor vehicle revenue the following 
amounts to assist in the construction and maintenance 
of State-aid Highways: 

Road Construction $325,000 

Bridge Construction 100,000 

Maintenance 425,000 

Total $8 50,000 

This amount is supplemented by Federal-aid Secondary 
funds where they can be applied. In 1940, the sum of 
$1,047,092 was expended for construction and main- 
tenance on the State-aid System, exclusive of Town 
contributions which amounted to $76,870. 



Table 26 
Estimated Cost of Improving the Non-Federal-aid State System to Certain Standards 



Type of Proposed Improicment 



Roads 



Total for road improvement 

Bridges 

Reconstructing bridges 20-foot span and over 
Reconstructing bridges less than 20-foot span 

Widening bridges 

Improving bridges in road projects 



Estimated Cost 
Miles of Improi'ements 



Hardsurfacing gravel highways 313.9 

Reconstructing surface-treated gravel highways 24.9 

Reconstructing paved highways 4.9 

Replace macadam 

Widening roadbed to 32 feet and over 

Multiple lane construction 

Improvement of intersections 

Construction of Central Route (roads and bridges) 



0.3 
76.0 

420.0 

Number 

29 
37 
36 
3 8 



Total for bridge improvement 140 

Total for road and bridge improvement 



f8, 001, 390 
564,993 
214,400 



3,3 



5,000 
i0,000 



398,000 
92,900 
51,400 
69,300 



Total Cost 



$12,165,783 



$ 611,600 



U2, 777,38- 



' Ordinarily these bridges would serve traffic for a number of years to come, but because of thier incliision in road projects it is 
onsidered more economical to improve them when the road is improved, because of changes in grade, alignment and roadway width. 
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Maintenance costs on the State-aid System have been 
gradually increasing. Increased travel and the demand 
for better roads during the winter have contributed to 
higher mi-.intsnance costs. Annual appropriations for 
maintenance bv the State amounted to $340,000 in 
1936, $37), 000 in 1938, and $425,000 in 1940. It 
seems reasonable to assume that maintenance costs will 
continue to increase as the traffic increases so an ap- 
proximate amount of $650,000 is estimated by 1950, or 
a total during the next ten years of $5,375,000. 

Estimated costs for proposed needed highway 
improvements have been made for all unsur- 
faced State-aid Highways, all gravel State-aid 
Highways carrying 200 vehicles or more per day 
which it is estimated will be carrying 300 by 
1950, all State-aid Connecting Links and all 
bridges on the State-aid Connecting Links. (See 
Maps 2 and 3 in the Appendix.) The estimated 
cost of the needed improvements on the Federal-aid 
State-aid Connecting Links is included under "Esti- 
mated Expenditures on the Federal-aid System." 

The estimated cost of making these needed improve- 
ments on the State-aid System, exclusive of Connecting 
Links on the Federal-aid System, amoupts to $2,029,636. 

The expenditure of this amount would put a gravel 
surface on 12 8.1 miles of rural earth roads at a cost of 
$532,654 and hardsurface 101.5 miles of gravel roads at 
a cost of $773,882. On the State-aid Connecting Links 
it would reconstruct 6.4 miles of surface-treated gravel 
roads at a cost of $349,000; reconstruct 0.9 miles of 
paved highways at a cost of $90,600; widen the roadbed 
to 32 feet and over on 1.5 miles of highway at a cost 
of $93,500; and reconstruct 3 bridges at a cost of 
$190,000. 

According to available data, this represents the needs 
of the State-aid System, exclusive of those State-aid 
Connecting Links on the Federal-aid System. But, in 
addition to this work there is the necessary co/itinued 
improvements for which no data is at present available. 
Such work consists of rural bridge construction, im- 
provements on State-aid Streets, and widening and im- 
proving the alignment and grade on rural State-aid roads 
exclusive of those mentioned above. This work is called 
regular State-aid Highway construction. 

For construction on the State-aid System the present 
State appropriation is $3 2 5,000 a year. This is available 
under two separate funds which are used for the same 
purpose. The sum of $175,000 has been available to 
cities, towns and villages incorporated for highway pur- 
poses on the basis of $60.00 per mile for each mile of 
State-aid Highway; and the sum of $150,000 has been 
available at the rate of approximately $10.00 per mile 
on the basis of the total mileage of all roads and streets 
in cities, towns or incorporated villages. 

On the basis of the present distribution of 
State funds there will be some cities, towns and 
villages where the allotment over the ten-year 
period will be insufficient to make these needed 
improvements. On rural highways an additional 
amount of $474,424 is needed, and on the State- 
aid Connecting Links an additional amount of 



$455,598 is necessary if these needed improve- 
ments are to be made. 

This represents a total of $930,022 which is 
needed for road construction in addition to the 
present Appropriations of $325,000 per year or 
$3,250,000 in ten years. This would amount to 
a grand total of $4,180,022. 

Of the total amount necessary for the needed road 
improvements ($1,839,636), $909,614 would be avail- 
able from the present regular appropriations of 
$3,250,000 over the ten-year period. The remaining 
portion of this appropriation would be used for regular 
construction. 

The present appropriation for bridge construction 
amounts to $100,000 annually, or $1,000,000 over the 
ten-year period, and on the basis of past experience is 
considered adequate. 

During the next ten years the following amounts will 
be necessary for State-aid Highways: 

Road Construction $ 4,180,022 

Bridge Construction 1,000,000 

Maintenance 5,375,000 



Total $10,5 5 5,022 

To do this necessary work on the State-aid 
System will require an estiinated expenditure of 
$10,555,022. The total funds available for this 
work are estimated at $10,075,000, so the State 
lacks the required amount by $480,022. Of the 
$10,075,000 it IS estimated that $5,375,000 will be 
needed for maintenance, leaving a total of $4,700,000 for 
the construction of roads and bridges. 

Town Road Expenditures 

The State assists the towns by appropriating from its 
motor vehicle revenues up to $7 5 0,000 per year; this is 
used for construction and maintenance on Town High- 
ways and is available in two amounts: $500,000 is avail- 
able as an outright grant, and $250,000 is available if 
the towns spend a similar amount. The total amount 
of State funds and town matching funds, spent 
for construction and maintenance on Town 
Highways each year amounts to approximately 
$1,000,000. An increase of $2 5 0,000 has been esti- 
mated for 1950. (See Table 23, page 59.) 

According to legislative acts one-fifth of the available 
State funds may be set aside for winter maintenance, and 
one-third of any year's allotment from the State may 
be used for the building and repairing of bridges. Dur- 
ing 1939 approximately $20,000 of State funds was 
expended for building and repairing bridges and during 
the winter of 1939 and 1940 about $39,000 of State 
funds was expended for winter maintenance. It is 
estimated on the basis of past experience that these 
amounts will be sufficient for the succeeding ten years. 

The estimated available State funds for town 
roads during the next ten years amounts to 
$7,750,000 (see Table 23). Deducting the 
amounts estimated for winter maintenance, and 
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building and repairing bridges leaves a balance 
of $7,160,000 for the construction of town roads. 

From the records compiled from town claims, and 
estimates made by the district highway commissioners, it 
is possible to establish an approximate cost per mile of 
surfacing Town Highways with gravel together with 
such widening and improvements in alignment as may 
be necessary. Costs differ in different sections of the 
State and on various roads, depending upon the avail- 
ability of material and type of improvement. But the 
average estimated cost of improvement is approximately 
$2,500 per mile. If $7,160,000 were used for the im- 
provement of Town Highways on the basis of $2,5 00 
per mile it would be possible to improve approximately 
2,900 miles of earth road from 1941 to 1950. 

A field inventory shows that during 1939, approxi- 
mately 267 miles of town road was improved as follows: 

0.4 miles improved to a high surface type 
4.5 miles improved to an intermediate surface type 
261.9 miles improved to a gravel surface 



266.8 total miles improved 



Estimated Expenditures on Railroad Grade 
Crossings, Overpasses, and Underpasses. 

(1941-1950 inclusive.) 



Under the present policy only a small percentage of 
State funds have been used for the elimination of grade 

crossings and the improvement of highway overpasses 
and underpasses where the primary purpose has been to 
eliminate the crossing or improve the overpass or under- 
pass. In most instances such funds as were used have 
been outright Federal-aid grants. To such funds the 
State adds about 2 percent which is used for right-of- 
way and preliminary engineering. 

The total estimated expenditures to make the 
proposed improvements on grade crossings, 
overpasses, and underpasses on the State System 
and State-aid Connecting Links during the next 
ten years amounts to $5,753,000. This amount is 
subdivided as shown in Table 27. 

It is estimated that there will be available for this 
work during the next ten years approximately $991,000 
(see Table 24, Column 1, page 59) so the State lacks the 
necessary amount by $4,762,000. 

Although grade crossings interrupt the free movement 
of traffic and present certain hazards, it may not be 
economically practicable to consider for elimination and 
improvement, all those estimated, particularly those in 
municipalities. In many places, where the volume of 
traffic warrants, it may be feasible to relocate the high- 
way or construct alternate routes. 



Table 27 
Estimated Cost of Improving Grade Crossings, Overpasses and Underpasses to Certain Standards 



System 

Grade Crossings 

State 

State-aid Connecting Links 

Underpasses 

State 

State-aid Connecting Links 

Overpasses 

State 

State-aid Connecting Links 

Installation of Flash Signals 

State 

State-aid System 

Total Cost 



Estimated Cost 
Number for Improvement Total 



21 



$2,390,000 
1,525,000 $ 3,915,000 



1,255,000 



12 


$ 


840,000 


3 




415,000 


3 


$ 


225,000 


2 




214,000 




$ 


72,000 
72,000 



439,000 



144,000 



5,753,000 
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PROPOSED TEN-YEAR PROGRAM 



State System^ {Roads and Bridges) 

On a pay-as-you-go policy it is not possible to 
realize all the needed improvements for the 
State System as has previously been presented, 
unless the present road user taxes are increased. 
At the present rate of taxing inotor vehicles this 
program must be modified to come within the 
estimated available revenue of $22,102,000 for 
roads and bridges. (See Columns 6, 7, and 8, Table 
24, page 59.) 

Proceeding upon this basis the number of miles of 
inadequate roads and bridges, which the State can im- 
prove with available funds, have been selected for in- 
clusion in a ten-year program. In selecting such .a 
program there are two types of improvement which it 
is essential to make during the next ten years. ( 1 ) All 
gravel roads that will be carrying 300 vehicles or more 
by 1950 should be hardsurfaced; and (2), all surface- 
treated gravel and macadam roads having an inferior 
foundation, and all surface-treated gravel roads having 
a good foundation but carrying an excessive traffic 
volume should be improved to a higher type of surface. 

The estimated money available for this work 
on the Federal-aid System amounts to $13,541,000 

^ Includes Federal-aid State-aid Connecting Links. 



during the next ten years. The expenditure of 
this amount will hardsurface 55.0 miles of gravel 
highways, reconstruct with a higher type of sur- 
face 89.6 miles of surface-treated gravel high- 
ways ; replace with a higher type of surface 
34.2 miles of surface-treated gravel highways; 
and reconstruct 55.1 miles of paved highways. 
It will replace 11.3 miles of macadam surface; 
widen the roadbed to 32 feet or more on 10.1 
iniles of highways ; construct additional lanes on 
3.6 miles of highway; improve one intersection; 
construct an All-American Route, 14.7 miles in 
length between Troy and Richford; and recon- 
struct and /or widen 85 bridges. 

These needed improvements are shown on Map 4 m 
the Appendix. The estimated cost of the above items 
is shown in Table 2 8 belov/.) 

On the non-Federal-aid State System and 
Federal-aid Secondary System it is estimated 
that $8,561,000 will be available for construction 
during the next ten years. (See Table 24, Columns 
7 and 8, page 5 9.) The expenditure of this amount 
will hardsurface 294.0 miles of gravel highways ; 
reconstruct 15.4 miles of surface-treated gravel 
highways; reconstruct 1.0 mile of paved high- 
way; and improve 113 bridges. 



Table 28 
Estimated Cost of Improving the Federal-aid System (1941-1950) with Estimated Available Funds 



Type of Proposed hnproiements 
Roads 

Hardsurfacing gravel highways 

Reconstructing surface-treated gravel highways 

Replacing surface-treated gravel highways 

Reconstructing paved highways 

Replacement of macadam. 

Widening roadbed to 3 2 feet or more 

Multiple lane construction 

Construction of Jay Mountain Highway 

Improvement of intersections 



Total for Roads . 

Bridges 

Improving 8 5 bridges 



Total for Road and Bridge Improvement 



Estimated Cost 

Miles of Improvements 

55.0 $1,449,200 

89.6 3,939,719 

34.2 640,200 

55.1 3,592,381 

11.3 429,800 
10.1 519,000 

3.6 300,000 

14.7 795,500 
0.1 30,000 

273.7 



Total Cost 



$11,695,800 



1,845,200 



$13,541,000 
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Table 29 

Estimated Cost of Improving the Non-Federal-aid State System' (1941-1950) with Estimated 

Available Funds 



Type of Proposed Improvement 


Miles 


Estitnated Cost 
of Improvements 


Total Cost 


Roads 








Hardsurfacing gravel highways 

Reconstructing surface-treated gravel highways 

Reconstructing paved highways 

Total for Roads 


294.0 

15.4 

1.0 


$7,611,650 

337,450 

38,000 


$ 7,987,100 


310.4 




Bridges 








Improving 113 bridges 

Total for Road and Bridge Improvement 






573,900 


$ 8,561,000 


^ Includes Federal-aid Secondary System. 









These needed improvements are shown on Map 4 in 
the Appendix. The estimated cost of the above items 
is shown in Table 29 above. 

In the selection of this program it is not considered 
economically practicable at this time to include all high- 
way sections and bridges that have the highest indices 
or ratings. Many of the worst sections would involve 
a cost out of all proportion to the justification for im- 
provement. Some of these sections are located in small 
villages and some on the open highway where the im- 
provement necessitates long and costly relocations. On 
the other hand, many sections that are adequate are 
included because of flood conditions and it is also neces- 
sary to rebuild many bridges having a low deficiency 
index because of their inclusion in road projects. 

It should be borne in mind that changing conditions, 
unforeseen decreases in highway revenues and abnormal 
changes in traffic may make it necessary to alter parts 
of the proposed program during the next ten years. 

State-aid System {Roads and Bridges) 

It is estimated that approximately $4,700,000 
will be available for the improvement of roads 
and bridges on the State-aid System during the 
next ten years. The expenditure of this money 
will put a gravel surface on 101 miles of unsur- 



f aced highway ; hardsurf ace 71 miles of gravel 
highway; improve 1.5 miles of superior to gravel 
surface on the State-aid Connecting Links ; im- 
prove 550 miles of State-aid Highways through 
regular State-aid construction ; and improve ap- 
proximately 200 bridges. 

The estimated cost of the above work is shown in 
Table 30 below. 

Town System (Roads and Bridges) 

It is estimated that approximately $7,160,000 
will be available for the improvement of roads 
on the Town System. (See page 63.) The ex- 
penditure of this money would improve about 
2,900 miles of To^vn Road during the next ten 
years. If the roads in each town selected for 
improvement with State money are selected on 
the basis of serving the maximum number of 
dwellings, approximately all unsurfaced roads 
having a dwelling density of 1.0 or more houses 
per mile could be surfaced by 1950. This would 
include all the unsurfaced mileage (earth roads) 
now serving a traffic volume over 10 vehicles 
per day. 

On the basis of the present study of Town 
Roads it is estimated that with the proper selec- 



Table 30 
Estimated Cost of Improving the State-aid System (1941-1950) with Estimated Available Funds 



Type of Improvement Miles 

Gravel surfacing earth highways 101 

Hardsurfacing gravel highways 71 

Improving superior to gravel highways 1-5 

Regular State-aid Highway construction 5 50 

Improving 200 bridges 

Total Roads and Bridges 



Estimated Cost 

of Improvements 

$ 405,818 

441,719 

82,263 

2,770,200 

1,000,000 



Total Cost 



$ 4,700,000 
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tion of roads to be improved, over 90 percent of 
the dwellings on Town Roads will be served by 
gravel roads by 1950. 

It has been previously shown (page 48) that if the 
mileage of Town Roads to be improved had been selected 
so as to serve the greatest number of dwellings, 77.0 
percent of the rural dwellings would have been directly 
served by gravel roads as compared to the 5 7. J percent 
now served. Before the additional funds are ap- 
propriated for this purpose the State should be 
satisfied that the maximum number of rural resi- 
dents are receiving the proper benefits from the 
present appropriations. 

On the basis of past experience it is estimated 
that the sum of $200,000 will be adequate for the 
building and repairing of bridges over the ten- 
year period. This amount will improve approxi- 
mately 200 bridges on the Town System. 

Railroad Grade Crossings, Overpasses and 
Underpasses 

In view of the expected continued appropria- 
tions from the Federal Government for the im- 



provement of grade crossings and grade crossing 
structures, and because of the greater need of 
funds for road construction, no State funds have 
been programmed for such improvements. 

It is estimated that there will be approximately 
$991,000 available in Federal-aid grants for such 
work during the next ten years. Under the 
present policy of using only Federal-aid grants 
for this type of work, it will be possible for the 
State to realize only a small portion of the needed 
program. 

This work would include eliminating grade crossings, 
rebuilding underpasses and overpasses and installing flash 
signals. 

Those grade crossings and grade crossing 
structures having the greatest deficiencies will be 
selected for improvement first if conditions are 
favorable. These needed improvements on the State 
System and State-aid Connecting Links are shown on 
Maps 1 and 2, respectively, in the Appendix and Tables 
15, 16, and 17. 
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APPENDIX 



Glossary 

Alignment Index. A figure expressing the relation 
of restricted sight distance, excessive curves, and ex- 
cessive grades, with regard to traffic and indicates the 
relative need of improvement or deficiency of any one 
road section in comparison with all others. Deficient 
sections of highway are shown by a red band on 
Map 1 in the Appendix. 

Average 24-hour Traffic. The total number of 
motor vehicles per year, passing over a given road 
section, divided by 36 5 days. 

Bridge. A bridge having a span length of 6 feet or 
more. 

Deficiency Index. A figure for grade crossings or 
structures indicating relative inadequacy of any one 
crossing or structure in relation to all others, based 
on consideration of physical dimensions and traffic 
volume. 

Highway Revenue. All money received from 
motor fuel taxes, registration fees, operators' licenses, 
town assessments, and Federal-aid. 

High Type Surface. Bituminous surface on con- 
crete, concrete and all types of macadam. 

Intermediate Type Surface. Gravel mixed-in- 
place and surface-treated gravel. 

Low Type Surface. Gravel. 

Multiple Lane Highways. Any highway consist- 
ing of more than two lanes. 

Paved Highways. Concrete, macadam and gravel- 
mixed-in-place. 

Road User Taxes. All money received by the 
State from the users of highways: viz., motor fuel 
taxes, registration fees, and operators' licenses. 

Rural. Those sections outside the boundaries of 
cities, incorporated villages and unincorporated urban 
areas. 

Sight Distance. The distance throughout which a 
driver has an unobstructed view of the road ahead, at 
any particular point on a highway. 

Surfaced Road. A road whose original surface of 
natural earth has been improved by a course of some 
superior material such as gravel, crushed stone, etc., 
usually gravel. 



Surface Types 

Bituminous Surface on Concrete. A bituminous 
wearing course, one inch of more in compacted thick- 
ness on a concrete base. 

Brick. A course of vitrified paving brick, with or 
without a bituminus mat less than one inch in com- 
pacted thickness. 

Concrete. Portland cement concrete, with or with- 
out a bituminous mat less than one inch in compacted 
thickness. 

Graded and Drained. Natural earth, aligned and 
graded to permit reasonably convenient use by motor 
vehicles, drained by longitudinal and transverse drain- 
age systems, natural or artificial, sufficiently to pre- 
vent serious impairment of the road by surface water. 

Granite Block. A course of stone block, with or 
without a bituminous mat less than one inch in com- 
pacted thickness. 

Gravel, M. I. P. or Bituminous Mix. A course, 
one inch or more in compacted thickness, composed 
of gravel and bituminous material, mixed in place by 
means of drag, retread mixer, or blade grader. 

Gravel, Plain. A course of gravel,- or other similar 
fragmental material coarser than sand. 

Gravel, Surface Treated. A course of gravel or 
other similar fragmental material coarser than sand, 
to which has been added by any process a surface mat 
of bituminous material and mineral aggregate less than 
one inch in compacted thickness. 

Macadam, M. I. P. A course, one inch or more in 
compacted thickness, composed of crushed stone and 
bituminous material, mixed in place by means of drag, 
retread mixer, or blade grader. 

Macadam Penetration. A wearing course of 
crushed stone, one inch or more in compacted thick- 
ness, bound with bituminous material introduced by 
downward penetration, on a base course. 

Primitive. An unimproved route on which there is 
no public maintenance, usable by four-wheel vehicles 
and publicly traveled by small numbers of vehicles. 

Rock Asphalt. A natural mined rock asphalt. 

Unimproved Earth. A surface composed wholly 
or with minor local exceptions of the natural ground 
of the region, and on which the only work that has 
been done by public authority is that required to main- 
tain a condition of passability for horse-drawn oi 
motor vehicles. 
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Surface Type Index. A figure expressing the relative 
need of improvement in surface type, with regard to 
traffic, of any one road section in comparison with all 
others. Deficient surface types are shown by a yellow 
band on Map 1 in the Appendix. 

Surface Width Index. A figure expressing the rela- 
tive need of surface widening, with regard to traffic, 
ot any one road section in comparison with all others. 
Surfaces deficient in width are shown by means of a blue 
band on Map 1 in the Appendix. 



Traffic Volume. Average 24-hour traffic, also re- 
ferred to as average daily traffic. 

Urban. Those sections within the boundaries of cities, 
incorporated villages and unincorporated urban areas. 

Unsurfaced Road. A road whose riding surface con- 
sists of the natural earth. 

Vehicle-miles, The total number of miles travelled 
by all vehicles over a given road or groups of roads. Un- 
less otherwise specified, the term means average 24-hour 
vehicle-miles, or annual vehicle-miles divided by 365. 
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TABLE A. 

ANNUAL MOTOR VEHICLE REGISTRATIONS, OPERilTORS LICENSED, MOTOR FUEL 
CONSUMPTION AND POPUL/iTION HISTORIC TO 1940, FORECAST TO 1950 



Year 


Population 
in thousands 


Motor Vehicle Registrations 


Motor Fuel 
Consumption 


Operators 
Licensed /l 


Passenger 


Trucks 


Busses 


Total 




Number 


Number 


Number 


Number 


Number 


1000 gal. 


Number 


Historic 
















1906 


351 


- 


- 


- 


373 


- 


- 


1907 


353 


- 


- 


- 


- 


- 


- 


1908 


354 


- 


- 


- 


489 


- 


~ 


1909 


355 


- 


- 


- 


1,741 


- 


- 


1910 


356 


- 


- 


- 


2,570 


- 


- 


1911 


355 


- 


- 


- 


3,402 


- 


- 


1912 


355 


- 


- 


- 


4,487 


- 


- 


1913 


355 


- 


- 


- 


5,913 


- 


- 


1914 


354 


— 


- 


- 


8,475 


- 


- 


1915 


354 


— 


- 


- 


11,499 


- 


14,344 


1916 


354 


- 


- 


- 


15,671 


- 


19,727 


1917 


353 


19,101 


1,266 


- 


20,367 


- 


23,359 


1918 


353 


20,782 


1,873 


- 


22,655 


- 


27,980 


1919 


353 


24,405 


2,402 


- 


26,807 


- 


33,597 


1920 


352 


28,442 


3,183 


- 


31,625 


- 


39,201 


1921 


352 


33,778 


3,487 


- 


37,265 


- 


44,987 


1922 


354 


41,241 


2,640 


- 


43,881 


- 


51,703 


1923 


355 


49,420 


3,356 


- 


52,776 


4,654 


59,507 


1924 


356 


57,072 


4,107 


- 


61,179 


20,578 


e'^jSe? 


1925 


356 


64,566 


5,010 


- 


69,576 


24^920 


74,093 


1926 


357 


68,431 


5,539 


93 


74,063 


25 j 503 


79,586 


1927 


358 


73,174 


6,219 


134 


79,527 


30,856 


86,309 


1928 


358 


78,574 


7,546 


111 


86,231 


33,6''8 


89,606 


1929 


359 


84,321 


8,559 


150 


93 ,030 


40,797 


95,387 


1930 


360 


78,260 


8,226 


138 


86,624 


45,738 


97,699 
97 , 643/2 


1931 


360 


74,842 


8,514 


151 


83,507/2 


4'7,859 


1932 


360 


68,640 


8,406 


139 


77,185 


49,148 


93,702 


1933 


360 


62,553 


7,725 


113 


70,391 


45,438 


88,405 


1934 
1935 


359 
359 


72,017 
71,130 


8,516 
9,026 


94 
89 


80,627 
80,245 


46,153 
49 ,365 


98,650 
98,254 


1936 
1937 


359 
359 


77,049 
79,433 


8,884 
9,375 


114 
105 


86,047 
88,913 


54,866 
60,468 


104,994 
108,252 


1938 


359 


78,676 


9,026 


106 


87,808 


64,235 


109,646 


1939 


359 


80,585 


9,590 


95 


90,270 


64,621 


111,989 


1940 


359 


83,540 


9,804 


96 


93,440 


69,179 


115,342 


Forecast 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 


359 
359 
359 
359 
359 
359 
359 
360 
360 
360 


83,209 
86,235 
87 ,423 
88,405 
89,069 
89 ,421 
89,633 
89,768 
89,881 
90,040 


9,891 
10,345 
10,487 
10,605 
10,796 
10,839 
10,977 
11,107 
11,234 
11,305 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


93,200 

96,680 

98,010 

99,110 

99,965 

100,360 

100,710 

100,975 

101,215 

101,445 


71,831 
74,05':' 
75,458 
76,810 
77,727 
78,582 
79,05? 
79,467 
79,960 
80,344 


116,600 
118,200 
119,200 
120,000 
121,000 
121,800 
122,500 
123,100 
123,600 
124,100 



1/ Operators Licensed also Includes Junior Operators. 

2/ Prior to 1931 for calendar year; 1931 and after for fiscal year. 
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TABLE B. 



INTERRELATIONSHIPS BY YEARS OF POFUL/iTION, MOTOR VEHICLE 
REGISTR/iTIONS, OPERATORS LICENSUD, AND MOTOR FUEL OONSTJMPTION 
HISTORIC TO 1940, FORECAST TO 1950 











Motor Fuel 














Consumption 


Persons 






Persons per 




per UotoT 


per 


Commercial 


Year 


Registered 


Motor Vehicle 


Vehicle 
Registered 


Licensed 
Operator 


Vehicles to 
Total Vehicles 


All Vehicles 


Passenger 


Trucks 




Number 


Nvuaber 


Number 


Gallons 


Number 


Percent 


Historic 














1906 


941 


— 


— 


_ 


— 


— 


1907 


941 


— 


— 


_ 


— 


- 


1908 


724 


- 


- 


_ 


- 


- 


1909 


331 


- 


- 


- 


- 


- 


1910 


138.5 


- 


- 


- 


- 


- 


1911 


104.4 


- 


- 


- 


- 


- 


1912 


79.1 


- 


- 


- 


- 


- 


1913 


60.0 


- 


- 


- 


- 


- 


1914 


41.8 


_ 


- 


- 


- 


- 


1915 


30.8 


- 


- 


- 


24.7 


- 


1916 


22.6 


— 


- 


- 


17,9 


- 


1917 


17.3 


18.5 


278.8 


- 


15.1 


6.2 


1918 


15.5 


17.0 


188,5 


- 


12.6 


8.3 


1919 


13.2 


14.5 


147.0 


- 


10.5 


9.0 


1920 


11.1 


12.4 


110.6 


- 


9.0 


10.1 


1921 


9«4 


10.4 


101.0 


- 


7.8 


9„4 


1922 


8el 


8.6 


134.0 


- 


6,8 


6.0 


1923 


6.7 


7.2 


105.8 


88 


6.0 


6.4 


1924 


5o8 


6.2 


86.7 


336 


5.3 


6.7 


1925 


5.1 


5.5 


71.1 


358 


4.8 


7.2 


1926 


4.8 


5o2 


64.5 


344 


4.5 


7.6 


1927 


4.5 


4.9 


57.6 


388 


4.2 


8.0 


1928 


4.2 


4o6 


47.4 


391 


4,0 


8.9 


1929 


3„9 


4.3 


41.9 


439 


3.8 


9.4 


1930 


4.2 


4c6 


43.8 


528 


3.7 


9.7 


1931 


4.3 


4.8 


42.3 


573 


3,7 


10.4 


1932 


4.7 


5.3 


42e8 


637 


3.8 


11.1 


1933 


5.1 


5.8 


46.6 


646 


4.1 


11.1 


1934 


4.5 


5.0 


42,2 


572 


3.6 


10.7 


1935 


4.4 


5.0 


39.8 


615 


3,7 


11.4 


1936 


4.2 


4.7 


40.4 


638 


3.4 


10.5 


1937 


4.0 


4.5 


38.3 


680 


3.3 


10.7 


1938 


4.1 


4.6 


39.7 


732 


3.3 


10.4 


1939 


4.0 


4.4 


37.3 


716 


3.2 


10.7 


1940 


3.8 


4.3 


36.5 


740 


3.1 


10.6 


Forecast 














1941 


3.8 


4.3 


36.2 


755 


3,2 


10,7 


1942 


3.7 


4.2 


34.6 


766 


3.1 


10.8 


1943 


3.7 


4.1 


34.2 


770 


3.1 


10.8 


1944 


3.6 


4.1 


33.9 


775 


3,1 


10.8 


1945 


3.6 


4.0 


33,3 


778 


3.0 


10.9 


1946 


3.6 


4.0 


33.1 


783 


3.0 


10.9 


1947 


3,6 


4.0 


32.7 


785 


3,0 


11.0 


1948 


3.6 


4.0 


32.4 


787 


3.0 


11,1 


1949 


3.6 


4.0 


32.0 


790 


2.9 


11.2 


1950 


3.6 


4.0 

1 


31.8 


792 


2.9 


11,2 
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TABLE C. 

PERCENT OF POPULATION, MOTOR VEHICIE REGISTRATIONS, MOTOR FUEL C0NSU1.IPTI0N , MLES 
PER GALLON, VEHICLE MILES, AND COMERGIAL VEHICLES TO TOTAL VEHICLES TO 1937 VALUES 

HISTORIC TO 1940, FORECAST TO 1950 



Year 


Population 


Vehicles per 


Motor Fuel 


Miles per 


Vehicle 


Commercial 






100 persons 


Consumption 


Gallon 


Miles 


to Total 




Percent 


Percent 


Percent 


Percent 


Percent 


Percent 


Historic 














1906 


97.77 


0.43 


— 


- 


- 


- 


1907 


98.32 


0.43 


- 


- 


— 


- 


1908 


98.61 


0.55 


— 


— 


— 


- 


1909 


98.89 


1.21 


- 


— 


- 


- 


1910 


99.16 


2.89 


- 


- 


- 


- 


1911 


98.89 


3.83 


- 


- 


- 


- 


1912 


98.89 


5.05 


- 


- 


- 


- 


1913 


98.89 


6.67 


- 


- 


- 


- 


1914 


98.61 


9.57 


- 


- 


- 


- 


1915 


98.61 


12.99 


- 


- 


- 


- 


1916 


98.61 


17.70 


- 


- 


- 


- 


1917 


98.33 


23.12 


- 


- 


- 


57.94 


1918 


98.33 


25.64 


— 


- 


— 


77.57 


1919 


98.33 


30.30 


- 


- 


- 


84.11 


1920 


98.05 


36.04 


- 


- 


- 


94.39 


1921 


98.05 


42.55 


- 


- 


- 


87.85 


1922 


98.61 


49.38 


- 


- 


- 


56.07 


1923 


98.69 


59.70 


12.94 


- 


- 


59.81 


1924 


99.16 


68.97 


49.41 


73.46 


24.82 


62.62 


1925 


99.16 


78.43 


52.65 


75.50 


30.91 


67.29 


1926 


99.44 


83.33 


50.59 


77.54 


32.51 


71.03 


1927 


99.72 


88.89 


57.06 


79.58 


40.25 


74.77 


1928 


99.72 


95.24 


57.50 


81.62 


44.57 


83.18 


1929 


100.00 


102.56 


64.56 


83.66 


55.39 


87.85 


1930 


100.28 


95.24 


77.65 


85.70 


63.56 


90.65 


1931 


100.28 


93.02 


84.26 


87.74 


68.96 


97.20 


1932 


100.28 


85.11 


93.68 


89.78 


71.78 


103.74 


1933 


100.28 


78.43 


95.00 


91.82 


68.61 


103.74 


1934 


100.00 


88.89 


84.12 


93.86 


70.18 


100.00 


1935 


100.00 


90.91 


90.44 


95.90 


78.85 


106.54 


1936 


100.00 


95.24 


93.82 


97.95 


87.52 


98.13 


1937 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


1938 


100.00 


97.56 


107.65 


101.10 


105.88 


97.20 


1939 


100.00 


100.00 


105.29 


102.20 


107 .31 


100.00 


1940 


100.00 


105.26 


108.82 


102.35 


116.91 


99.07 


Forecast 














1941 


100.00 


105.26 


111.03 


102.50 


119.46 


100.00 


1942 


100.00 


108.11 


112.65 


102.65 


124.66 


100.00 


1943 


100.00 


108.11 


113.24 


102.85 


125.91 


100.93 


1944 


100.00 


111.11 


113.97 


103.00 


130.43 


100.93 


1945 


100.00 


111.11 


114.41 


103 . 15 


131.12 


101.07 


1946 


100.00 


111.11 


115.15 


104.08 


133.16 


101.87 


1947 


100.00 


111.11 


115.44 


105.18 


134.91 


102.80 


1948 


100.28 


111.11 


115.74 


107.10 


138.11 


103.74 


1949 


100.28 


111.11 


116.18 


109.10 


141.23 


104.67 


1950 


100.28 


111.11 


116.47 


111.51 


144.71 


104.67 
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